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CORRECTIONS 


Monthly Weather Review, February, 1930: 


Page 45, Table 3, Davos, in September column, 
should be “385” instead of “5867, 


Page 53, second column, the first three paragraphs 
belong on page 58 just above the final paragraph in 
the second column. 


Page 58, first column, the two last paragraphs should 
be inserted on page 53, at foot of first column. 
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GREENLAND WEST-COAST FOEHNS: A DISCUSSION BASED ON THE FOEHNS OF 
JANUARY, 1929 


By Leonarp R. ScHNEIDER 


At the University of Michigan aerological station, 
Mount Evans, situated 75 miles east of Davis Strait, 30 
miles west of the margin of the Greenland ice-cap, and 
1,292 feet above sea level in latitude 66° 55’ N., ae g longi- 
tude 50° 50’ W., it is remarkable that one-fourth of the 
days of January, 1929, had hourly temperature averages 
above freezing. Also, during the same month along the 
west Greenland coast there wasa new maximum temper- 
ature 10° higher than any January maximum temperature 
of the past 30 years. 

In this paper these relatively high temperatures and 
periods of warm weather together with the other out- 
standing features associa with the three January 
foehns are set forth in the order in which the foehns 
occurred; also the exact nature and extent of the tempera- 
ture, pressure, cloud, and wind changes occurring through- 
out the greater part of the month at one place in this west- 
coast region are shown by the graphs of the Mount Evans 
data. (Fig. 1.) But in this paper these weather sum- 
maries are included mainly because they serve as the fact 
basis for the chief consideration of this discussion, which 
is to show that the place of origin, manner of growth, and 
track of the Low, are factors which largely determine the 
strength of the foehn. In this discussion, too, a new sig- 
nificance is attached to the Labrador northward moving 
secondary, a pressure development which has long been 
observed but never clearly analyzed. 

Throughout the following pages Mount Evans data 
Norwegian and Deutsche Seewarte synoptic charts and 
weather records kindly supplied by the Danish Meteoro- 
logical Office have been the writer’s chief references. 
Also at this place, the writer wishes to express his ac- 
knowledgments to Prof. H. U. Sverdrup and Dr. J. Bjerk- 
nes for their valuable counsel, and to Prof. W. H. Hobbs 
for permission to use the Mount Evans data. 

e shall begin by pointing out the pressure distribu- 
tion which was associated with the foehn of the 8th. 


THE FOEHN—JANUARY 8, 1929 


The pressure distribution during the first foehn was 
characterized by a remarkably high pressure to the east 
and south and a very low pressure to the west of Green- 
land. Let us consider each of these pressure develo 
ments for a moment, The beginning of the great high- 
heen area may be said to have been on the 6th of 
January, when an already extensive European HIGH’ 
joined the north Greenland anticyclone. e next im- 
itd ge step occurred on the 7th when this newly com- 

ined HIGH joined a subtropic nicH through the region 


1 The terms ‘‘ High” and ‘‘anticyclone”’ are used synonymously.—Ed. 
116875—30 1 


25° W. and 45° N., and when this occurred a great high- 
pressure ridge was set up, a ridge which extended across 
the North Atlantic from eastern and northern Greenland 
southward to the horse latitudes. This was the HiGH’s 
maximum extent, but the development of the low-pressure 
area was perhaps more outstanding. 

The tow entered the United States over the State of 
Washington on the 2d of January and on the 5th we find 
it near Kansas City, Mo. However, it was after the Low 
moved away from this plains region that it developed in 
a most singular manner. In fact, in the 24-hour move- 
ment from Kansas City the Low not only became deeper 
by 0.52 inch, but it moved northeastward at an astonish- 
ing rate covering nearly 1,000 miles.? Following this, in- 
stead of continuing eastward and entering over the 
Atlantic Ocean we find that the above-mentioned vast 
Atlantic n1gH turned the Low northward. At 10 p. m.° 
on the 7th, therefore, the Low was centered near Cape 
Chidley as an exceptionally deep depression of the order 
of 27.91 inches. Twenty-four hours later, following a 
northeasterly course across Davis Strait, the Low became 
occluded in the Jacobshavn-Upernivik district, but of 
concern here is that with the occlusion was the occurrence 
of the foehn, the features of which are as follows: 

At Mount Evans, which was near the center of this 
Low during its occlusion, anticyclonic weather preceded 
the foehn. Shortly before the foehn outbreak, however, 
which occurred about midnight of the 7th and which was 
marked by a temperature rise from 2° to 27°, three out- 
standing weather changes should be noted. In the order 
of their occurrence they were: (1) 6 a. m., beginning of the 
pressure decrease, (2) 10 a. m., gradually increasing sky 
cover of cirro-stratus from the south, and (3) 4 p. m., a 
beginning of slowly rising temperature. In the upper air, 
at least 12 hours before the outbreak, air was moving from 
off the ice-cap between the surface and 2,500 m. at a 
rather uniform velocity of approximately 7 m. p. s. 
(See fig. 4.) Above this, between 3,500;m. and at be 
to 5,000 m. and increasing with height from 11 to 27 
m. p.s., air from the southwest was moving into the upper 
levels of the high-pressure region over the inland ice. 
It appears reasonably certain then, that air at the lowest 
levels at the ice margin was being impelled outward by 
the inflowing air aloft. At any rate, this air at the lowest 
levels could scarcely have come from the east coast of 
Greenland, at least at a corresponding level, for Scores- 
b sund on the 7th, had west wind and a temperature rise 
of 41.5”. 


2M. W. R., Jan. 1929.—A. J. Henry—‘‘ Notes on January Weather.”’ 
§ Time references are all according to 45th meridian time. 
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THE FOEHN—JANUARY 12-15, 1929 


Down-slope winds of the 12th, 13th, and part of the 
14th, which finally brought an extraordinary maxi- 
mum of 50° to Mount Evans, must be attributed more to 
the increase in the pressure over the ice-cap region than to 
a decrease of pressure over Davis Strait. In fact, Ang- 
magssalik, Scoresbysund, Upernivik, and Mount Evans 
had their highest pressures of the first half of the month 
at this time, and after the 10th readings lower than 29.33 
inches did not occur in the immediate vicinity of Davis 
Strait until late on the 15th, when Cape Chidley reported 
28.74 inches. 

The singular beginning again of the foehn on the 15th, 
after an approximate 24-hour interruption in which there 
was an outbreak of cold air from the north, was apparently 
due to the increased pressure gradient brought about by 
a newly-formed and deeper depression lying centered 
over northern Hudson Bay. On the 16th temperature and 

ressure had already begun to decrease, but on this day 
our quick pressure decreases followed by equal increases 
were outstanding. These fluctuations are, no doubt, to 
be ascribed to outrushes of air taking place when the 
depression was near enough to release some of the ice- 


cap air. 

Sunhieabs conditions on the 11th, as on the day pre- 
ceding the 8th, showed air from the southwest at high 
levels at approximately 5,000 meters. Whether this 
current increased or decreased after the 11th can not be 
stated because clouds in the neighborhood of 2,500 meters 
cut short the pilot-balloon flights. Below the cloud 
level wind prevailed from off the ice cap during the days of 
the foehn. 


THE FOEHN—JANUARY 21-25, 1929 


The third foehn was the most outstanding; Mount 
Evans had a high maximum of 51.8° and 102 consecutive 
hours averaging 10° above freezing, and Godthaab and 
Jacobshavn had maximums of 61.3° and 59.1°, respectively 
9.9° and 10° greater than their next highest January 
maximums at least since 1900.4 In addition to these 
temperatures there were three features which were out- 
standing at Mount Evans. They were: (1) Fluctuat- 
ing pressure on and about the 23d; (2) wind of great ve- 
locity occurring on the first five hours of the 24th, the 
hourly velocities in miles per hour being 56, 80, 73, 70, 
and 52; and (3) the high pressure following the tempera- 
ture decrease and the end of the foehn. It is interesting 
to note that these exceptional conditions occurred under 
pressure conditions which were also peculiar. 

The tow contributing to the development of this 
foehn may again be traced to the plains region of the 
United States, and in the 24-hour movement from that 
region it proceeded in a manner even more unusual than 
the Low of the 8th, for after the morning of the 18th, 
while the Low became deeper by only 0.36 inch, it moved 
northeastward an amazing distance, approximately 1,500 
miles.* Compared with the earlier depression, the dis- 
tance was farther and the deepening not so great, but in 
a later stage east of Labrador the pressure (27.75 inches 
at 10 p. m. January 21) was 0.16 inch lower than the 
Cape Chidley tow. High pressure over the eastern 
North Atlantic Ocean was again, no doubt, a chief factor 
in stopping the Low immediately east of Labrador, but 
increase in pressure along the east and west coast and 
therefore presumably over Greenland, roughly estimated 


for Jacobshavn for the years 1912 and 1918; for Upernivik in 1913, 
an 
4 MonTHLY WEATHER REVIEW, ibid. 
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at a minimum 0.50 inch greater than on the foehn of the 
8th, probably partly accounts for the greater develop- 
ment of the foehn of the 21st. 

However, too great significance should not be given 
this increase in pressure, for it may also have tended to 
decrease the strength of the foehn by reducing the pres- 
sure gradient between the coastal region and that over 
the ice cap. Thus the strength of the foehn becomes not 
so much a matter of the depth of the pressure along the 
coast (for as such the first foehn ae have reached the 
highest temperatures), but it is as will be explained, in- 
stead, a matter which reverts to the origin and course of 
the Low. 

In the case of the last foehn it will be repeated that the 
center of the Low followed a southerly course and moved 
eastward over the St. Lawrence track, but a significant 
fact is that it was extremely deep and that it became a 

eat stationary cyclone east of Labrador. Since this 
Abirelidion remained fairly deep over four or five days 
and since there is not definite proof that the original Low 
moved northward, then the pressure and temperature 
changes which occurred along the Greenland coast during 
these days must be attributed to secondaries of this 
stationary depression. With this being true, if their 
origin and growth are explained, then certain comparisons 
can be made between Labrador secondaries and those 
Lows which come directly to the Greenland coast after 
having first crossed North America. The second foehn 
without any well-formed Low moving toward Greenland 
from North America also came about while the Labra- 
dor Low was especially well marked, so the matter of 
secondaries might again be considered, but since the sec- 
ondaries of the second and third foehns show so much in 
common, only one discussion of this type is necessary. 
Concerning the first foehn and its tow of a different 
character, however, all comparisons and explanations will 
come after the following discussion which considers how 
secondaries may form on the nofth or cold side of a 
stationary Labrador cyclone. 

Two contiguous masses of air of unlike temperature 
moving in opposite directions, or with different veloci- 
ties in the same direction, are sufficient cause for the 
formation of a cyclonic depression. Near the Green- 
land coastal fringe either of these ways may be operative 
in forming a secondary, but in any case it is the move- 
ment of air from off the ice cap which seems to be all 
important. In other words, it is to be understood that 
the ice cap as a great topographic feature is of such 
height, character. und extent that it becomes ‘a dominant 
control in at least one part of the weather of the Arctic. 
In a situation like that of the 21st, for example, as is 
shown in Figure 2, the part played by the ice cap in 
building the secondary is clearly evident. 

As is shown on the figure, a great amount of air movin 


‘around the north of the Labrador Low is deflected aroun 


the Cape Farewell region. With this deflection comes 
an increase in velocity which probably carries much of 


the air over the southernmost part of the ice mass. 


Therefore, when it descends from this elevation the air 
will be warmed adiabatically and a temperature differ- 
ence between this air and that in Davis Strait will begin. 
This is the step which is so important at the beginning, 
for by reason of this increase in temperature and con- 
sequent decrease in pressure an increasingly larger amount 
of air from over the ice cap will descend and be pushed 
onto the coastal region, will increase the extent and tem- 
perature of the warm air there. But all further increases 


* According to the Bergen School. 


4 
a 
| 
i 
q 
| 
| 
| 
— 
q 
Wit. 
x 
a 


1 & S 4 be 6 T 
1ZN IZN IZN IZN BAM, 
j 
I214183 5015492102557 107663425 411161517683 33487 815 i529 
8 3 10 If 2 IS 14 
IZN IZN 6AM. 
joke 
49 1926242990272115 22077122894 543564 118 919712996 78 162i li 12202930227179 9 84 i222 12 
IS 16 IT 18 19 20 2! 
12N 12N i2N 12N 8AM. 
— 
T + 4 bs q 


12 1426 & 2237.52 3720 I3 19 28.3322 13 14 1414 7915 12 24191919 7 5447 10 2416261416 381i 43 


22 23 24 26 27 28 
12N 12N IZN 12N i2N 6AM 
Gull 
“ 


4 4 4 


42 3323 32 16 2253.57 353035753218 2028172318 2 416179 i227 


FicuRE 1.—Graphic representation of meteorological data of Mount Evans from Jan. 1 to 28, 1929. Numbers across the top refer to days; ‘12 N’’ is 12 o’clock noon. Re 
Cloud its are represented as being alike a days. Direction of cloud movement is shown by arrows which fly with the wind; the top of the graph is north, the He 
— a and soon. The broken line represents the temperatures of every second-hour; the solid line is a reproduction of the barograph trace (add 1.39 for sea-level i 

ues), Wind direction and velocity in miles per hour is for every third hour | 
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will be arrested if there is no — for retaining the 
warm air at or near the coastal region. At this stage in 
theQdevelopment, therefore, it is essential to have a 
ealeiounll pressure trough between the polar air in 
Davis Strait and the warm air at the coast. This pre- 
vents the warm air from being dissipated, but in addition 
it brings into being a definite surface of discontinuity 
along which a secondary might develop. It should be 
noted in passing that Figures 2 and 3 show the surface 
of discontinuity at the coast where the eastward limit of 
the north-south prevailing wind of Davis Strait usually 
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and some of it is shown here moving toward the north, 
to the back side of the warm sector. Further increase in 
the westward extent of the tongue of warm air after 
stage III allows the polar air to cut off the warm sector 
from further connection with the down-slope winds; 
stage IV shows the situation after occlusion has occurred. 
Two striking examples of a south and a north wind 
during different stages of the occlusion are represented 
by the 19th and 6th on Figure 4. 

However, whether these depressions are small like those 
indicated by the pressure fluctuations on the 16th and 
23d, or larger ones, at least six factors determine how far 
northward the newly formed Lows may go before they 


Figure 2.—The first step in the formation of a Labrador secondary. Note how the 
Greenland anticyclone and ice mass extend as a wedge into the Labrador Low and 
how the increased wind velocity at southern Greenland is explained by the crowding 
of isobars in that region. The wide broken line represents a line of discontinuity 


occurs. However, the exact place of this surface will 
largely be determined by such factors as the strength of 
the foehn or the conditions of pressure or temperature 
of the polar air in Davis Strait. 

With a discontinuity surface definitely formed, the 
development of the secondary may occur anywhere along 
its extent. For example, Figure 3, Part t. tows how 
the outpouring from off the grand slope of the ice cap 
may provide a large amount of warm air to any wave 
which might form; in Parts II and III the amplitude of 
the warm wave is increased, the polar air is pushed aside 


Fiaure 3.—A continuance of the situation begun in Figure 2 


are occluded. Listed somewhat according to signifi- 
cance, consideration must always be given to the first 
five of the following: (1) The energy received at the 
beginning (2) the temperature contrast developed by the - 
foehn; (3) the amount of pressure gradient northward; 

(4) the direction of air movement in Davis Strait, i. e., 
whether speeded by southerly or retarded by northerly 
currents; (5) the energy gained from latent heat; and (6) 
the effect of the pocketlike configuration of Melville Bay. 
That only itnrthward movement of these secondaries 


has been considered may be simply explained by the 
presence of SE. and SSE. winds in the warm sector, for 
investigation has shown that in any depression the 
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direction of movement is ’ in the direction of the warm 
sector current, i, e., approximately parallel to the isobars 
of the warm sector. 

The temperatures and therefore the strength of the 
foehns resulting from Lows having very different his- 
tories is shown by Table 1. In other words, the Low of 
the 8th which moved along a northerly track directly 
from the plains region of the United States to the Green- 
land coast is to be compared with the secondary develop- 
ments which have just been described in some detail. 
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ondary, or secondaries,* not only began with higher tem- 
peratures, but higher temperatures were maintained 
throughout a much longer period. Many of the condi- 
tions relating to the last foehn have already been given 
in some detail, so it is only necessary to state here, that 
of greatest importance in determining the strength of this 
foehn was the fact that the Labrador depression was 
extremely deep. Without this, the secondaries would 
never have begun with such great energy, nor could they 
have shown so many characteristics peculiar to young 


Wind Velocity 


17 20 


are 1,000 meters each 


TABLE 1 
Range 
Mini- Maxi- 
mum | Date | ium | Date 
8th | 21-25 
—1.3 8| 31.8 
15.4 21| 49.6 34.2 
15.9 21) 59.1 43.2 
8.0 51.8 43.8 
23.0 21| 613 38.3 


1 Maximum for the 8th not available. 


The fact which this table should emphasize is, namely, 
that of the two foehns, the last one produced by a sec- 


FicurE 4.—Graphie representation of velocity and direction of upper air at Mount Evans for January 1-28, 1929. The heavy black line is the direction of flight of the pilot 
balloon. The surface-wind direction is shown by the arrow, and the first six divisions along the heavy black line are for each interval of 250 meters. Above 

the intervals are for each 500 meters. The length of the broken line represents the velocity in m. P- 8 

the right east, andso on, Attention is called to the 11th, 25th, and 27th, which excead 5,000 meters. Ont 


1,500 meters 
Sixteen directions are shown, the top of the pe veins north, 
he 11th and 25th the last two, and on 27th t six intervals 


cyclones. Concerning the first foehn, it needs only to be 
stated that its short duration points to a very occlu 
sion. And this rapid occlusion, despite the first foehn’s 
lower pressure at the coast, explains why the first foehn 
had lower temperatures. 

In conclusion it can be said that the origin, develop- 
ment, and coursé of the Lows was significant in deter- 
mining the strength of the Greenland foehns‘in January, 
1929, but further analysis of the foehns and Lows is de- 
sirable in order to determine which of the two types of 
depressions will cause the greater foehn outbreak. 


7J. Bjerknes and H. Sol : Life Cycle of Cyclones and the Polar Front Theory 
of Atmospheric Circulation. Geof. Pub., Oslo, 1922. 

8 Inasmuch as secondaries the world over develop to the south and southeast of the 
primary, an alternative view may be entertained, viz, that for the reasons stated by 
the author there was a redevelopment of energy along the Greenland coast in the orig- 
mal primary cyclone rather than the development of a secondary cyclone.—Ed. 


- 
as 
> a. 6 9 10 1 12 15 15 16 
: 
he 
= 
27 
S «4 
2 2 24 2 
. 
pr 
yw 
; 


— 


Aran, 1930 


MONTHLY WEATHER REVIEW 139 


SECULAR TREND OF IOWA PRECIPITATION 


By Cuar.es G. Rezp 
[Weather Bureau, Des Moines, Iowa] 


Before entering upon such a study as this, careful con- 
sideration must be given to the source and comparability 
of the data. One is always anxious to use a continuous 
record that extends back as far as possible. City rain- 
fall records must be used with care, for they have usually 
been obtained in two or more locations, each on a higher 
building than its predecessor or surrounded by higher 
buildings. Rendie in the smaller towns are usually 
made by cooperative observers and very few are con- 
tinuous and comparable for periods of more than 40 
years. In a trend study, 40 years is scarcely long enough 
to make a good beginning, yet the layman equipped with 
only 40 years or so of more or less fickle memory, and 
little or no exact and comparable records, often expresses 
profound conclusions as to changes in climate and the 
multitude marvels at his wisdom. To the meteorologist, 
100 years are but as a day. 

In Iowa, or near its borders, extending back to 1873, 
there are nearly 200 rainfall records, varying from a few 
years to more than 50 years in length. Probably not one 
of these records could be regarded as ideal for a trend 
study, yet it seemed a pity not to utilize such a wealth of 
material in some such study, so an effort was made to 
determine precipitation trends on a basis of areas instead 
of stations. ; 

Early in the seventies rainfall records were much more 
numerous per unit area in the northeastern counties than 
elsewhere in the State, but at the present time such 
records are more numerous in the northwestern portion. 
It is obvious that a straight average of the total number 
of reports would not be a true State average. The 
preponderance of stations in the rainier northeast portion 
of the State in the earlier years, compared with the 
present preponderance in the drier northwest portion, 
would produce an apparent but false downward trend in 
State averages. To correct this the State was divided 
into nine districts, of as nearly equal area as county 
boundaries would permit, and including about 11 counties 
in each, viz, northwest, north-central, northeast, west- 
central, central, east-central, southwest, south-central, 
and southeast. By considering all available data just 
outside the border as well as inside each district, it was 
possible to make satisfactory district averages of rainfall 
for each month for 53 years from 1875 to 1927. Data 
from adjoining States were included when very near the 
border of a district. 

The trend of annual and seasonal State and district 
qreremes thus refined, was calculated by the formula 


I = Sy? im which J is the annual increment (or decre- 


ment), D is the average rainfall of each year, and Y the 
number of each year, starting from the middle year, 
numbering 7 and down and prefixing a minus sign to 
all years before the middle year. The mean rainfall 
of the series is entered opposite the middle year and the 
annual increment or decrement added successively 
each way till the first and last years of the series are 
reached. The totals of precipitation at the end of each 
year represent points in a series of events, so the number 
of intervals between points is one less than the number of 
years. To cover the full period it is necessary to project 
the trend line backward through the first year of the 
series; so in practice, the annual increment, J, is multi- 
plied by one more than the number of years p 


the middle Oe and the product added (algebraically, 

since J may be either positive or negative), to the mean of 

the whole series to get the value of the beginning of the 

trend line, on January 1 of the first year. With simple 

events, each of which does not represent an appreciable 
riod of time, this amplification is not necessary. 

For the 12 calendar months the annual decrease in 
rainfall for the State as a whole is — 0.036354 inch, or 2 
inches in 55 years. The annual averages and trend line 
for 55 years, 1873-1927, are shown on the accompanying 

rom an agricultural standpoint the trend in certain 
seasons might be important. For the summer months, 
June, July, and August combined, the annual decrement 
for the State as a whole is —0.034925 inch. (Fig. 1.) 
This is a total of 1.92 inches, or 15 per cent, in 55 years. 
Apparently an appreciable amount of rain has been 
i aasterred from summer to fall. About half of this 
decrease is made up by a total increase of 0.95 inch 
in the fall months, September, October, and November 
(fig. 1), when it is a positive detriment to the maturity 
and harvesting of Iowa’s great corn crop. The spring 
seeding and planting Toth of March, April, and May 
show almost no change, amounting to an increase of 
only 0.06 inch in 55 years. (Fig. 2.) Winter precipita- 
tion (December, January, and February) shows a total 
decrease of 0.90 inch, or 39 per cent, in 55 years. (Fig. 2.) 
Reckoned in per cent, winter shows the largest relative 
decrease. 

Southwest Iowa has had the largest actual decrease. 
In the nine counties of the southwest district the total 
decrease in 53 years is 3.41 inches, 10 per cent, or at 
the rate of 0.064321 inch per year. (Fig. 3.) As the 
district averages were rather weak in some districts in 
the years 1873 and 1874, these years were omitted 
from the district trend studies, though included in the 
State trends. The records of the Weather Bureau in 
Omaha had a marked effect on the trend in the south- 
west district, for they were continuous without a break 
through the 53-year period considered. The Council 
Bluffs records, just across the Missouri River from 
Omaha, also had a marked effect during the earlier 

ears, when they were nearly unbroken. A trend calcu- 
ation of the Omaha record shows a remarkable decrease 
of 0.262168 inch per year, or a total of 13.89 inches in 
53 years, or 39 per cent. (Fig. 4.) The nearest station 
having a record useful for comparing trend is Weeping 
Water, Nebr., where, with a few interpolations, 51 
years, 1878 to 1928, are available. Here the total de- 
crease is 4.48 inches, 14 per cent, or at the rate of 0.087867 
inch per year. For the State of Nebraska as e whole, 
in the 53 years, 1876-1928, the total decrease is 1.56 
inches, 6 per cent, or 0.029439 inch per year. nein 

The only station actually in the southwest district 
having a record warranting a trend calculation is Clarinda. 
Including interpolations recently made for use in the 
forthcoming revision of Hann’s Climatology, for the 
years 1878 to 1887, inclusive, it is possible to make a 
58-year trend, 1876-1928, inclusive, which shows an 
annual increase of 0.035030 inch, or a total increase of 
1.86 inches, or 5.8 per cent, instead of a decrease. 

Either there must be an area centering about Omaha 
where there is an abnormal long-time downward trend 
or else some sort of unfavorable conditions not readily 
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apparent are developing and progressing in connection 
with the exposure of the rain gage. The rainfalls of the 
eighties were very heavy at Omaha, which gives the 
trend line a steep downward slope. 

The averages for the west-central district were but 
slightly influenced by the Omaha records, yet the total 
decrease in that district in 53 years is 2.35 inches, 7 
per cent, or about 0.044318 inch per year. Next stand 
the east-central and northeast districta, each with a 
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FIGURE 1.—Annual precipitation in Iowa has decreased at the rate of 0.036 inch per 
year for 55 years. Summer rainfall has noticeably decreased or been partly trans- 
ferred over into the fall months 
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decrease of 2.29 inches. At Independence, Buchanan 
County, in the northeast district, the total decrease in 
rainfall is 4.66 inches, or 14 per cent, in 59 years, 1869- 
1927. This is at the rate of 0.07915 inch per year. At 
Dubuque, Dubuque County, also in the northeast dis- 
trict, the total decrease is 4.89 inches, or 14 per cent, in 
77 years. This is at the rate of about 0.063550 inch per 
year. The least decrease is in the northwest district, 
where it amounts to only 0.20 inch. Algona, Kossuth 
County, near the middle of the northern boundary of 
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the State, shows not a decrease but a total increase of 
0.21 inch in 55 years, in spite of the claim that drainage 
of northern Iowa land has reduced the rainfall. In 
fact, this study shows the greatest decrease in rainfall 
is in the southwest district where there has been the 
least drainage of land. State-wide records in Minnesota 
are not of sufficient length to be comparable with Iowa 
data, but the total increase in rainfall at Fort Snellin 

and St. Paul is 1.19 inches in 91 years, 1837-1927, an 
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Figure 3.—The greatest decrease in Iowa precipitation is in the southwest district 
; where it amounts to 3.41 inches in 53 years 
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FicurE 4.—The greatest decrease in the region is centered at Omaha where it amounts 
to 13.89 inches or 39 per cent in 53 years 


it seems probable that the general trend of Minnesota 
rainfall is upward. The distribution of the total decrease 
in precipitation in 53 years by districts in lowa is shown 
on the accompanying map. Cig. 5.) res 

The trend by districts for the three .prinespes crop 
months, June, July, and August combined, is shown on 
the accompanying map. (Fig. 6.) Here again the 
largest decrease is in the southwest district, where it is 
3.34 inches, or 23 per cent, and almost the same.as for 
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DECREASE IN ANNUAL PRECIPITATION, IOWA © 


Ui cucaf] monroe 
Annual decrement for State -0.036354 inch 
Figure 5.—Iowa precipitation has decreased markedly to northeast’ 


but very slightly in the northwest 


DECREASE IN SUMMER PRECIPITATION, IOWA 
June,July & Aug. 53 years,1875-1927, Inches 


Fog 
Annual decrement for State 0.035 inch. 
Ficure 6.—Summer precipitation in Iowa has decreased decidedly in the southwest 
and west-central districts, around which the decrease diminishes in regular zones 


SUMMER PRECIPITATION, IOWA 
Beginning of trend period of 53 years. 
in 1875; June, wus & Aug. Total inches 
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Fiaurg 7.—Southwest Iowa had much superfluous summer rainfall, 53 fyears ago! 


SUMMER PRECIPITATION, IOWA 
End of trend period of 53 years in 1927 
June, pew fx Aug. Total Inches 
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FiGurE 8.—After 53 years, the present distribution of lowa summer rainfell has set- 
tled down to what appears to be a normal, stable, distribution over the State 
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Ficure 9.—The central district —, — —— for wettest summer, which occurred 
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DRIEST SUMMER IN 53 YEARS 
Inches of rain and year, June, July & Aug. 
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FicuRE 10.—Also the central district holds the record for driest summer, which 
occurred in 1886 
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the entire year. Next is the west-central district, with 
a decrease of 2.97 inches, which coincides with the 
impressions of farmers who have farmed in that district 
for a lifetime and who furnished part of the inspiration 
for this study. The least decrease in summer rainfall is 
in the north-central district, 1.06 inches. 

The values of the ends of the trend lines of the nine 
districts were entered on maps to show just how the sum- 
mer precipitation of 53 years ago would compare with 


EXTREME VARIATION BETWEEN WETTEST AND 
DRIEST IN 55 YEARS, 1875-1927 
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Ficure 11.—The central district shows the most extreme variation in summer rainfall 
while the northwest district is most constant 


that of 1927. These are shown by maps. (Figs. 7 and 
8.) Note the center of heavy rainfall 53 years ago in 
the southwest and the area of relatively heavy rainfall 
extending northeast beyond the center of the State. 
Note also that at the end of the period the differences 
have become leveled down so that there is now a range 
of only 0.64 inch between the driest northwest district 
and the wettest south-central district, while 53 years 
ago the range was 2.34 inches between the driest north- 
west district and the wettest southwest district. 
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Corn, if affected at all by this decrease in summer 
rainfall, has been benefited, or possibly improved farming 
has more than overcome any adverse effects, for the 
trend in corn yield per acre has been upward in all dis- 
tricts for 40 years, though the improvement in corn has 
been least in the southwest and south-central districts, 
where it amounts to only a gain of 0.18 bushel per acre 
per year. The greatest concentration of acres of corn 
per unit area is in the western districts, so there was 
evidently much superfluous rainfall in the earlier years. 

The record wet summer was 1902 in all districts, 
except the west-central, where the summer of 1875 was 
the wettest, and the northwest, where the summer of 
1900 was the wettest; and the wettest district was the 
central in 1902 with 26.21 inches. (Fig. 9.) The record 
dry summer was 1886 in all but the southwest district, 
where the driest was 1911, with 4.40 inches, and the 
southeast, where the driest was 1894, with 3.97 inches; 
and the driest district was the central in 1886, with 2.64 
inches. (Fig. 10.) In extreme variation of summer 
rainfall the central district leads with a range of 26.21 
inches, and the northwest district is least with 13.26 
inches. (Fig. 11.) This small variation in rainfall, 
combined with a drouth-resistant soil, explains the 
dependability of the northwest district in corn produc- 
tion. At the end of the trend period in 1927 the north- 
west district has 38 per cent of its annual rainfall in the 
summer, leading in this feature over all the other dis- 
tricts, while the east-central district has the least, 33 
percent. At the beginning of the period the west-central 
district led with 44 per cent, and the east-central and 
southeast were least with 37 per cent. 


SUMMARY 


Iowa is becoming steadily drier, but up to this time 
the tendency has not proceeded far enough to threaten 
its principal crop, corn; in fact, conditions for corn seem 
tobeimproving. Thereis,no doubt, a limit, but probably 
the wen will change before the danger line for corn is 
reached. 


ALIGNMENT DIAGRAM FOR “R” OF THE ENERGY-EVAPORATION EQUATION 


By N. W. Cummines 
[Scripps Institution of Oceanography of the University of California, La Jolla, Calif.] 


The evaporation from an open-water surface is deter- 
mined by the relation (see Cummings and Richardson, 


1927). 
I-B-S-C 
LG+R) (1) 


where (Z) is the evaporation in centimeters of depth, 
during any arbitrary time, (J) is the energy which the 
sun and sky deliver to 1 square centimeter of the water 
surface during the same interval of time; (S) is the energy 
which accumulates during this time in a column of water 
having an area of 1 square centimeter and a depth equal 
to the average depth of the water body, while (C) takes 
care of certain corrections which are usually small. (ZL) 
is the latent heat of water and (R) is the ratio of sensible 
heat swept away by the wind to latent heat carried off 
by the vapor. Bowen (1926) shows that (R) can be 
calculated by means of the equation 


T.—T, B 
P,.—P, 760 (2) 


where (7,,) is the temperature of the water surface 
(T,) that of the dry bulb, (P,,) the pressure of saturated 


E= 


R=.46 


water vapor at temperature (7',), while (P,) is the abso- 
lute humidity in millimeters of mercury, and (B) is the 
barometric pressure. ‘ 

In order to facilitate numerical applications an align- 
ment diagram was constructed by the following method: 

Assuming B=760 the equation may be written in the 
determinant form 

1 R 0 


A6T, 1 
Pe 1 


Making use of the fact that the elements of any row 
or column can be added to the element of any other 
row or column without changing the value of the deter- 
minant, we add the elements of the first column to those 
of the last, obtaining 


1 R 1 
at Be 


Making use of the further fact that the effect of multiply- 
ing or dividing all the elements of any column or row by 
the same number is to multiply or divide the determinant 


=0 (3) 


=0 (4) 
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by that number, we divide the second row by (1+P,), 
and the third by (1+ P,,), thus obtaining 


1 R 1 
A6T, 1 

1+P, =0 (5) 
Py A6T, 1 

[tie Freee 


It is a property of determinants that if any two rows are 

interchanged the sign of the determinant is changed. 

We can therefore interchange the first and third rows, 

and the the first and second rows of the resulting determi- 
nant, obtaining finally 

A6T, 

1+P, 1+P, 

Ee A6T. =0 (6) 

1+ Fe 

1 R 1 


By adopting the following three pairs of equations 


(7) 


we can write equation (6) in the form 
1 
V2 Y2 1 
_ If the three points (22), and lie on a straight 
line, their coordinates must satisfy the equation 


(9) 
XH 
But equations (8) and (9) are really only two forms of the 
equation 


=0 (8) 


+ Lays + Lays — LaY2— — TiYs =O 


Consequently any three points whose coordinates satisfy 
equation (8) must lie on a straight line. 

If, therefore, three loci are platted, one for each pair of 
equations (7), and if a straight line is laid across these 
loci, it will intersect them in three points which, taken as 
a set, satisfy equation (6). But since equation (6) is 
equivalent to the original equation (2), the threepoints 
of intersection must also satisfy equation (2). 

If we adopt an arbitrary wet-bulb temperature, (P.) 
becomes definite whenever the dry-bulb temperature is 
known, and (P,,) is, of course, determined by the water- 
surface temperature alone. We might therefore construct 
the chart after computing Table 1 by proceeding as follows: 

1. Adopt an arbitrary wet-bulb temperature and plot 
the first pair of equations (7) regarding (7',) as a variable 
parameter. 

2. Choose a different wet-bulb temperature and repeat 
step 1. Repeat this for the entire range of wetbulb 
temperatures. 

3. Plot the locus of the second pair of equations (7) 
regarding (7,,) as the variable parameter. Call the result- 
ing line the water-temperature locus. The necessary 
computations are shown in Table 1. 

4. Plot the last locus from the equations (x=1), (y=). 
Call this the (R) locus. 

_ Actually it is unnecessary to plot the first pair of equa- 
tions point by point because if the water temperature is 
equal to the wet bulb, then R= —1 for all dry-bulb tem- 
peratures, Therefore the lines of, constant wet-bulb 
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temperature must be straight and each must pass through 
the point on the water-temperature locus corresponding 
to the wet bulb to which the line belongs and also through 
the point on the (R) locus corresponding to (R= -—1). 

The various points on the lines of constant wet-bulb 
temperature can easily be found by remembering that 
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Fieure£ 1.—Alignment diagram for the Bowen formula 


when the air temperature and water-surface temperature 
are equal, (2) must be zero. Hence if straight lines are 
drawn through (R=0) and through each degree point 
on the water-temperature locus they will intersect the 
wet-bulb lines at the appropriate dry-bulb temperatures. 

The entire net can be plotted in this manner, All 
the loci are shown in Figure 1, 
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TaBLE 1.—Values of functions used in constructing the alignment 
diagram 
P.=vap. 20 Ps. 
ture press. 1+Pw 

0 4.58 0. 8207 0 0 

1 4.92 8310 1689 .0777 
2 5.29 . 8410 .3179 . 1462 
3 5.68 8502 4491 2065 
4 6.10 . 8591 . 5633 . 2501 
5 6. 54 . 8673 . 6631 . 3050 
6 7.01 8751 . 7490 . 3445, 
7 7.51 8824 . 8225 3784 
8 8.04 8893 . 8849 4070 
9 8. 61 8959 . 9365 4308 
10 9. 21 9794 4505 
9.85 1.0138 4663 
12 10. 52 9131 1.0416 4791 
13 11. 23 . 9182 1. 0629 4889 
14 11. 99 . 9230 1.0778 4958 
15 12.79 . 9274 1. 0877 . 5003 
16 13. 64 . 9316 1. 0928 . 5027 
17 14. 54 . 9356 1. 0939 . 5032 
18 15. 49 . 9393 1.0915 . 5021 
19 16. 49 . 9428 1. 0863 . 4997 
20 17. 55 9460 1. 0781 4959 
21 18. 66 . 9491 1. 0681 . 4913 
22 19. 84 . 9520 1. 0556 ; 

23 21.09 . 9547 1. 0411 . 4789 
py 22. 40 . 9572 1. 0256 .4718 
25 23. 78 9596 1. 0088 

26 25. 23 . 9618 . 9912 . 4560 
27 26.77 . 9639 . 9722 . 4472 
28 28. 38 - 9659 . 9530 . 4384 
29 30. 08 9678 9330 .4292 
30 31. 86 9695 . 9129 4199 
31 33.74 9712 . 8923 4104 
32 35. 70 9727 8719 .4011 
33 37. 78 . 9742 . 8509 . 3914 
34 39. 95 . 9755 . 8302 . 3819 
35 42. 23 . 9768 . 8096 . 3724 
36 44. 62 9780 . 7391 . 3630 
37 47.13 9792 . 7687 . 3536 
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CERTAIN LIMITATIONS ON THE POSSIBLE VALUES OF THE RATIO OF HEAT LOSSES 
BY CONVECTION AND BY EVAPORATION AT A WATER SURFACE 


By N. W. Cummines 
[Scripps Institution of Oceanography of the University of California, La Jolla, Calif.] 


An alignment diagram has recently been prepared for 
the rapid computation of the ratio of the two quantities 
of heat leaving a water surface (see preceding paper). 
In addition to facilitating routine computations the 
diagram is{useful as a rapid means of setting limits on 
the value that (R) can assume under certain specified 
conditions which alone are not sufficient for its exact 
evaluation. The explanation of this use of it will be 
postponed, however, until certain conclusions based on 
Pe general principles of thermodynamics shall have been 

rawn. 

The atmosphere obtains most of its heat from the 
surface of the earth, and must therefore for the earth 
as a whole be colder than the earth’s surface. Since a 
large part of the earth is covered with water, the water 
must in general be warmer than the air at the surface 
of contact. Although there may be isolated cases in 
which the air is warmer, they must be regarded as the 
exception rather than the rule. This deduction agrees 
with observation. It is, of course, understood that dail 
averages are referred to; at certain times of day the air 
is warmer almost anywhere. 

Since negative evaporations from large bodies of water 
are rare it follows that from the meteorological stand- 
point positive values of (R) are more interesting than 
negative. Negative values of (R) combined with posi- 
tive evaporations tend naturally to eliminate themselves 
because when (R) is negative the water is almost sure 
to be warming rapidly and (R) is thus in the act of 
becoming positive, unless very cold water is being sup- 
plied nny. The discussion will be limited therefore 
to positive values of (7,,—T;,). 


Under these conditions evaporation rather than con- 
densation is taking place. For any given air tempera- 
ture and water temperature, then, (R) will be a maximum 
when wet and dry bulb temperatures are equal, because 
this condition makes (P,) a maximum and _ therefore 
makes the denominator of the fraction a minimum, 
making the fraction as a whole a maximum. It follows 
that for the purpose of estimating (R,,), the maximum 
value of (R), (P,) may be regarded as the pressure of 
saturated vapor at the temperature of the dry bulb. 


For a given air temperature when wet and bulb 
are equal, (R) must increase as (7,,) decreases. This is 
Ap 


evident from the fact that for saturated vapor ¢ 
decreases as the temperature (¢) decreases and conse- 
quently reaches a minimum at the limit @. For any 


given air temperature, therefore, we may easily deter- 
mine the greatest possible value of (R) by dividing .46 
by @: 

dt 

This derivative or the corresponding (R) may be 
computed in various ways: 


(1) Directly from a table of saturated vapor pressures. 
This can be done most accurately by numerical differ- 
entiation, as described by von Sanden. 


(2) From the well-known Clapeyron equation 
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(3) By the aid of a variety of empirical equations. region, then the average evaporation over a long period 
heh, The following empirical equation was worked out by of time is never greater than 100 per cent of the evaporat- 
Doctor McEwen. It is based upon tabular values of ing power of the net radiation. 
7 saturated vapor pressures corresponding to a series of Consequently, subject to the limitations specified, the 
temperatures, t. ph always lie between 42 per cent and 100 
for ap _ ft . 3 r cent of the evaporating power of the net radiation. 
dt 0.48308 it should be observed that these are extreme limits based 
_(4) The point at which the (R) locus of the alignment on extreme temperatures and humidities. Actually the 
diagram is intersected by a line drawn tangent to the en, that the percentage will ever be as low as 
water-temperature locus at the point corresponding to forty-two is extremely small, because the wet bulb is 
the _ air temperature represents the required value never higher than the dry bulb, but is nearly always 
of (R). q lower; consequently the average must be 
The values of (Rm) obtained by these different methods lower. It can easily be seen from the alignment chart 
are entered in Table 1. The relation between air tem- that, as the difference between wet and dry bulb increases, 
perature and (R#,,) is shown by Figure 1. It is interest- the value of (2) rapidly decreases. 
Py ~ 760° 
iL. 
MAIN 
7 SS iWwsk le 
SS 
chert of: the velve of when all Find the intersection of the 20° met line fis 
m 
n, Bmperatur: Conversion Scale te 
vs 
nt ing to note that when the air temperature is 0° C. (R,,) | Tasuw 1.—Maximum values of (R) as computed by various methods 
is 1.38. Monthly air temperatures as low as 0° C. are 
b from the standpoint of evaporation dierent Clapeyron | Empirical | Alignment 
‘ (1) They occur only during the colder months and then 
P only over a small part of the earth’s surface. 
t (2) Under such conditions the vapor pressure of the 
water and, therefore, the evaporation rate are always 176 
y If we ignore all eases in which the air temperature is 1! 
less than 0° C. and also those cases in which cold water 13 63 
area considered, we may say that the average evapora- 552 
tion the area for a long period of time is never less -50 
than 42 per cent of the evaporating power'of the ™ 
excess of incoming over outgoing radiation. If, on the 40 
other hand, we ignore negative values of (R) and those "34 
cases in which warm water is streaming through the 
25 82 32 
all spent in evaporation or not. He applies the term to intensity of radiation pene- + 28 |.----------- 
trating the surface, signifying by it the depth of water which would be converted into 29. 08 |------------ Ch oa 
Mca in unit time if all the penetrating radiant energy were dissipated by that process. 30 25 244 25 25 
i term is here applied to the excess of incoming over outgoing radiation. In the ot 4 ; $ 
former case it is I/I., but in the present instance it is (I—B)/L. 
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Richardson, Kimball, Angot, Abbot, and others have 


conducted investigations regarding the relation between 
the intensity of solar radiation at the outer limits of the 
earth’s atmosphere and the intensity at the earth’s sur- 
face. Although the problem is complex, some con- 
clusions of great value have been drawn. It is probable 
that these conclusions, together with the limits which can 
be set on the values of (2), will be of great value in con- 
nection with theories of climatic change, particularly 
glaciation. 

The kind interest which Doctor McEwen of this insti- 
tution has taken in the preparation of this paper, and 
also the valuable suggestions he has offered, are gratefully 
acknowledged. 
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CHICAGO’S GREATEST SNOWSTORM, MARCH 25-26, 1930 


By Owen T. Lay 
[Westher Bureau office, Chicago, Ill., April 14, 1930] 


The greatest snowstorm in the history of Chicago 
occured on March 25-26, 1930. The total amount of 
snow was 19.2 inches (average depth) at the Weather 
Bureau observatory at the University of Chicago. The 
snow was badly drifted by the wind, and drifts 4 to 5 feet 
deep were to be found in all portions of the city. The 
storm continued without interruption for 43 hours and 
45 minutes. The depth of 19.2 inches exceeded by 4.3 
inches the total snowfall from any other single storm at 
Chicago, the previous record being 14.9 inches on Jan- 
uary 6-7, 1918. 


GENERAL METEOROLOGICAL CONDITIONS 


On the evening of March 22, 1930, a barometric de- 
pression covered most of the Rocky Mountain region and 
Great Plains. By 7 a. m. on the 23d it had deepened 
somewhat and moved eastward, there then being two 
centers of lowest pressure, 29.60 inches in eastern North 
Dakota and 29.62 inches in central Iowa. Snow was 
falling over Wisconsin and eastern Minnesota. Within 
the next 12 hours there was little change in the intensity 
of the storm and both centers moved slowly east-south- 
eastward, with rain in Illinois and southern Wisconsin 
and mostly cloudy weather thence northwestward. 

By the morning of the 24th the northern center had 
practically disappeared and the southern center had 
moved from southeastern Iowa to west-central Indiana, 
with little change in intensity. During the next 12 hours, 
ending at 7 p.m. on the 24th, the center had advanced to 
extreme eastern Ohio but appeared only as a loop in the 
isobar, while a new center had apparently developed over 
southeastern Missouri and advanced to southern Indiana. 

During the next 12 hours, ending at 7 a. m. on the 25th, 
the center over southern Indiana remained practically 
stationary with an increase in intensity from 29.54 inches 
to 29.28 inches, while the eastern loop had disappeared. 
By evening the main center of the storm had advanced to 
western Lake Ontario, but another center was left over 
east-central Indiana. By the morning of the 26th the 
eastern center had advanced to extreme southern Quebec 
Montreal, 29.04 inches, and the western center had moved 
north-northeastward to the Georgian Bay region, Parry 
Sound, 28.98 inches, and by the night of the 26th the 
eastern center had practically disappeared and the west- 
ern center continued to move north-northeastward, 
Doucet, Quebec, 29.10 inches. 

The heaviest snow at Chicago occurred on the 25th 
with strong northeast winds from off Lake Michigan. 
These winds persisted throughout the 25th up to about 


6 p. m., ninetieth meridian time, when they backed to 
northwest and continued from that direction until 8:55 

.m. of the 26th. Gust velocities on the 25th ranged 
rom 35 to 50 miles an hour from the northeast. During 
this time the storm center was over central and southern 
Indiana where it remained practically stationary for 
about 24 hours. That fact remains to be explained; 
apparently it was due to the advance from the west of a 
fresh fall in the barometer that sent the surface pressure 
down to 29.28 inches, and naturally caused strong north- 
east winds to continue to blow over the southern end of 
Lake Michigan with the results described herein. 


LOCAL CHARACTERISTICS OF THE STORM 


Starting with rain on the 24th, the temperature fell 
slowly and the rain first became mixed with sleet, then 
changed to snow. The air became filled with large snow- 
flakes, and the wet character of the snow at first, in con- 
nection with high northeast winds, caused it to adhere to 
automobile windshields, windows, and buildings. Many 
accidents resulted during this period of poor visibility, 
which extended through most of the 25th. 

The lateness of the season added an element of surprise 
and unpreparedness. Few automobiles were equipped 
with chains, and transportation organizations were not in 
readiness to combat the storm. 


EFFECTS 


The continued stalling of automobiles and trucks on 
car tracks made the constant operation of snow plows and 
street cars difficult or even impossible. Furthermore, 
automobile and truck traffic early in the storm served to 
pack the wet snow into soft ice that later had to be re- 
moved from street-car tracks by the use of picks and 
shovels. Many automobiles were abandoned in the 
streets. By noon on the 25th surface car service was 
practically at a standstill, suburban trains were moving 
with difficulty, and deliveries by motor vehicle had almost 
ceased. This imposed an extra burden upon the elevated 
lines, and that service was slowed up greatly because of 
the great crowds at the stations and on the trains. 

Workers experienced much difficulty in reaching their 
places of employment and in returning to their homes 
on the 25th and 26th, and the down-town hotels were 
crowded. Many places of business closed early to enable 
their employees to reach their homes. In many cases 
those who came to work or returned home floundered 
through the snow for several miles to reach transporta- 
tion that was moving on elevated tracks, 
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(Upper) clinging tendency of wet snow early in storm; (middle) clearing the way for street cars that could go no farther/ ~ | 

nto drifted snow; (lower) damage shown along the lake front after most of the snow had melted. Wind damage lost OF: 
ea of in most of the accounts of the storm because of the more spectacular struggle against the snow. (All three wicr 
photographs the courtesy of Chicago Evening American, March 28, 1930), : 


| 
4 
erm 
ed; jj 
na 
A- wiv ¥ 


“ure youeW | 


| 


(To face p. 147) 


LH] 


/ ~ 
| 


} iy | | 
/ 


O€6I “cz Yorw yy Jo yreyo 


pets 


M. W. R., April, 1930 


J} 

id 


2) 


* j ~o Fo / 
: 
a 


Aprit, 1930 


School attendance was small on the 25th, and the city 
schools were closed on the 26th and 27th. On the first 
day of the storm milk deliveries to the city were cut down 
about 40 per cent, and appeals were broadcast by radio 
for farmers and others who ordinarily deliver milk to make 
every effort to reach the city and thereby prevent a milk 
famine. Milk valued at about $40,000 was lost on the 
highways the first day of the storm. 

Airplane traffic ceased for three or four days, because 
of poor visibility the first two days and the fact that 
great drifts of snow were left on the landing fields, and 
the were had to be cleared before planes could take 
off or land. At Waterman, Ill., about 50 miles west of 
Chicago, the total depth of snow was only 3 inches, and 
one of the transcontinental lines used the emergency 
landing field there as a base for mail that was handled 
between Chicago and that place by train. 

Stocks of some goods became low or even exhausted in 
many outlying stores that depended upon trucks for 
frequent deliveries. This was particularly true as re- 
gards bread and perishable vegetables. 

Citizens in all sections of the city and in the surround- 
ing territory spent many hours in clearing walks, alleys, 
and driveways, but little permanent relief was possible 
until after the snow and high wind had ceased on the night 
of the 26th. 

The Chicago Surface Lines, possibly the greatest 
sufferer, employed as many as 20,000 men with picks, 
shovels, an all available mechanical equipment in dig- 
ging the tracks out. The storm cost that organization 
approximately $1,000,000. Other organizations and in- 
dividuals were required to expend much money and effort 
on account of the storm. Stocks of tools for handling 
snow and ice became exhausted in many stores, and auto- 
mobile repair shops were kept busy in replacing broken 
springs, burned out clutches, and other repair work. It 
seems safe to state that the storm cost the community 
several million dollars. | 

Considerable damage was caused along the lake front 
by the pounding of waves during the early portion of the 
storm when strong northeast winds prevailed, but this 
effect was lost sight of in reports at the time because of 
the more spectacular snowstorm. 

The snow disappeared quickly, and without flooding. 
This was possible because the ground under the snow was 
fairly dry and not frozen, the great amount of evaporation 
owing to low relative humidity following the storm, and 
the fact that the temperature was slow in rising above the 


freezing point. 


DISCUSSION 


For some years I have been greatly interested in pro- 
nounced abnormalities in the weather. The heavy snow 
described by Mr. Lay in the preceding article must be 
considered as one of the greatest abnormal snows east of 
the grees in the last half century. The March, 
1888, blizzard, as it is frequently called, is another strik- 
ing example of very heavy snow in late winter. The two 
storms had some points in common and differed mate- 
rially in others. e area of heavy snow and its maxi- 
mum depth in the Chicago storm was much less than in 
the March, 1888, storm. A depth of 40 inches and more 
in the last named was registered over a considerable area 


in Connecticut and the area affected by the storm was 
tenfold to twentyfold greater than was the case in the 
Chicago storm. Points of similarity are as follows: The 
great depth of snow in both storms was due to the retar- 
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dation of the storm’s progressive motion eastward due to 
strong areas of high pressure to the northeastward. Both 
storms developed great intensity from the trough form of 
barometric depression. 

It is convenient to consider the Chicago storm from the 
view-point of surface-pressure distribution as influenced 
by the free-air temperature directly above the storm 
center. (Fig. 2.) 

Weather chart March 28, 1980.—The most significant 
feature of this chart is the crescent-shaped depression of 
the barometer that extends from Canada to Mexico east 
of the Rocky Mountains with three centers of low pressure 
as shown. This depression is flanked on both the east 
and the west by anticyclones of considerable magnitude 
but great contrasts of temperature on the surface at 
least, are missing. 

From the forecast division’s upper-air chart I glean the 
following: The winds above the barometric depression 
were from a southerly direction in the free air up to the 
1,500-meter level (4,900 feet). Above that level, at 
2,000 meters (6,600 feet), some of the southerly winds at 
the 1,500-meter level have become west winds but the 
northerly component continues at about half the stations. 
The velocities of these winds from the south at 2,000 
meters ranged from 10 meters per second, hereinafter 
abbreviated to m. p.s., over North Dakota, to 16 m. p. s. 
over southeastern Kansas, which regions conform in a 

neral way with the centers of lowest pressure; from this 

act two assumptions are justifiable, first, a mass of 

warmer air overlies and is partly the cause of the low sur- 
face pressure and, second, since the winds from the south 
begin to thin out above 1,500 meters, the seat of energy 
of the cyclone must be at or near that level. 

The upper-air chart for 8 p. m. of the 23d shows that the 
area of southerly winds has progressed toward the east, 
though not at precisely the same speed as the surface 
The surface wind-shift line has 
made but little progress eastward because of the presence 
of a second circulation centered over north-central 
Minnesota. Evidence of this secondary is found in the 
loop far to the northwest of the isobar of 29.90 inches on 
the chart for March 24. 

Weather chart March 24, 1930 (fig. 3).—This chart shows 
a change in the orientation of the depression of the morn- 
ing of March 23, the longer axis of which now trends 
northeast-southwest with its center over central Indiana. 
There is also considerable surface warming in the Ohio 
Valley and doubtless in the free air above the center of 
lowest pressure where winds from a southerly direction 
continue but have spread somewhat to the eastward of 


low-pressure center. 


Weather chart March 25, 1920 (fig. 4).—The significant. 
feature on this chart is a fall in pressure at the center of 
the cyclone and consequently an increase in the baro- 
metric gradients especially those in the northwest sector 
of the cyclone. At this time the cyclonic circulation also 
seems to have bored upward to a greater height than 
previously indicated by the free-air winds. The surface 
wind at Sault Ste. Marie, Mich., was from the northeast 
as required by the cyclonic circulation; at 3,300 meters 
(10,827 feet) it was from the east with a speed of 16 
m.p.s., still cyclonic. Elsewhere the surface winds and 
those up to 2,000 meters were still from a southerly 
direction although at some points a shift to westerly had 
taken place. From this it may be inferred that the center 
of the cyclone in the free air was somewhat displaced 
toward the northwest. 

Weather chart March 26, 1930 (fig. 5).—Here we have 
an example of a vast cyclonic whirl that has become of 
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exceptional extent and intensity almost in the center of 
the continent. Although the cyclone is figured as having 
two centers, one of 29.00 inches, the other of 29.05 inches 
one can not but wonder whether the real center is at 
either point. The cyclone extends in an east-west direc- 
tion about 1,700 miles and in a north-south direction 
about 2,200 miles. 

By the morning of the 26th the upper-air winds at 
1,500 meters have changed from southerly to westerly 
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as far east as the Atlantic coast. The velocities ranged 
from 10 to 20 m.p.s. At 3,000 meters still higher speeds 
were found, the maximum being 36 m.p.s. at Jacksonville, 
Fla., on the outskirts of the cyclone. The two centers 
shown on the chart for the 26th had disappeared by the 
morning of the 27th and pressure at the cyclone center 
had risen somewhat. Its course thence to the northeast 
was uneventful.—A. J. Henry. 


GULF STREAM DAILY THERMOGRAMS ACROSS THE STRAITS OF FLORIDA’ 


By F. Brooxs 
[Clark University, Worcester, Mass., April 5, 1930] 


SYNOPSIS 


During the past four years the Gulf Stream has been subjected 
to investigation by sea-water thermographs on crossing ships. 
Details of temperature, including alternating masses of warmer 
and cooler water, diurnal ranges of temperature, and rapid changes 
in distribution, have been written on the thermograms to form an 
amazingly complex picture. 


bound trip gives a night profile and the northbound a daytime one. 
From night to day in sunny quiet weather the sea temperature at 
the surface rises 3° or 4° F. and at a depth of 6 feet about 2°. In 
windy weather the diurnal range is reduced by stirring to 1° or less. 

The summer profile is characteristically warmer in the north 
than in the south, while the temperature of Key West Harbor 
stands out several degrees above the Gulf Stream. A band of 
cool water is almost always traversed within a mile of the Cuban 
shore, apparently where swell and current striking the steeply 
sloping bottom bring cool water to the surface. Similar cool 


\ SOUNDINGS IN FATHOMS 


Figure 1.—Hydrographic features of the Gulf Stream within the Straits of Florida. (Adapted from United States Coast and Geodetic Survey Chart 1007 by the American 
Geographical Society for the Geographical Review, July, 1929.) 


The thermograph is a mercury-in-steel bulb and capillary type, 
the thermal element being fixed in the intake pipe through which 
large volumes of water from several feet below the surface are 
continually pumped to the condensers. 

An instrument of this sort installed in 1928 on the Peninsular 
& Occidental steamship Henry M. Flagler, one of the three Key 
West-to-Habana car ferries, provides the temperature record for 
one round trip daily while the ship is in operation. The south- 


1 Enlarged from pa 


r presented at meetings of the American Meteorological Society, 
Des Moines, Iowa, 


; ec. 27, 1929, and the Association of American Geographers, Co- 
lumbus, Ohio, Dec. 30, 1929. This is the first of a series of papers on The Gulf Stream 
and the Weather. (Cf. Gulf Stream Studies: General Meteorological Project, in the 
issue of the Review of March, 1930.) 


water often occurs likewise at the margin of shoal water south of 
Key West. The winter profile is usually 2° or more warmer in the 
south than in the north portion of the straits. A narrow zone of 
probably upwelling water several degrees cooler than on either side 
usually divides the warmer water from the cooler. This bound- 
ary shifts many miles with wind and other effects that bring at 
one time more water direct from the Caribbean and at another 
time from the Gulf. Great variations sometimes occur in the 
course of a few hours. 

Storms, chiefly through their stirring action, reduce the surface 
temperatures by 1° or more. Strong cold winds have an even 
greater effect than hurricanes, for they chill the water considerably 
as well as mix the warm surface layer with the cooler substrata. 
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STRAITS OF FLORIDA SEA-SURFACE TEMPERATURE DATA 
HERETOFORE AVAILABLE 


Observations of surface temperature made with the 
aid of canvas buckets are available for many years, 
both from ships passing through the straits and from the 
car ferries crossing them, but the spotty character and 
inherent inaccuracies prevent these data from. being 
so informative as a continuous thermograph record.” * 
Therefore, the thermograph record, beginning July, 1928, 
brief though it is, should be studied before any extensive 
reduction of the other data is attempted. Furthermore, 
the thermograph record may be used as a standard by 
which the bucket observations can be judged, both as to 
their accuracy and as to their adequacy, in showing the 
eneral surface temperatures of the Gulf Stream here. 

he special series of observations at certain intervals 
across the straits made by officers of the Peninsular & 
Occidental Steamship Co. car ferries Henry M. Flagler 
and Joseph R. Parrott, 1917-1921, were resumed in 1928 
under essentially the same conditions, on these ships and 
the Estrada Palma. Thus the earlier series may be 
evaluated on the basis of the relation of the later one to 
the thermograph record. The usual bucket observations 
made on ships passing through the straits have continued 
ractically unc ramen. § except as to number, for decades. 

hese data, however, are almost exclusively from the 
left half of the stream, largely in the more quiet waters 
near the Florida coast and reefs. (See — fig. 1.) 
The car-ferry and other ships’ bucket records will be 
analyzed in later papers. 


THE SEA-WATER THERMOGRAPH AND WHAT IT RECORDS 


The opportunity for obtaining a detailed record of 
daily temperature across the Straits of Florida between 
Key West and Habana led the American Meteorological 
Society to grant $188 for the purchase (including the 
40 per cent duty) of a large-scale Negretti & Zambra 
sea-water thermograph. This was delivered in April, 
1928, exhibited at the meeting of the society held that 
month, then turned over to the United States Weather 
Bureau, under whose immediate auspices the instrument 
was to be installed on a ship at Key West, Fla. Mr. H. 
B. Boyer, the bureau’s official in charge there, had pre- 
—— obtained permission of the Peninsular & Occi- 
dental Steamship Co. to place the instrument in one of 
its vessels. Installation on the regularly running pas- 
senger ship Governor Cobb proving impracticable, the 
instrument was finally put into car ferry Henry M. 
Flagler, W. I. Jackson, master, by Curtis H. Stanton, 
chief engineer, who was very much interested. The first 


record was obtained July 8, 1928. The loss of an oppor- 


tunity to obtain a regular record on the passenger ship 
was compensated by getting the nighttime as well as 
daytime observations and by other advantages. The 
more nearly surface temperatures obtained on the car 
ferry than could be got on another ship shows the diurnal 
changes more prominently. Furthermore, the longer 
Flagla special series of ole observations on the 

ler could now be compared directly with the new 
thermograph intake record on the same ship. Unfor- 
tunately, however, each car ferry is laid up at not infre- 
quent intervals for a month at a time. So, rather long 


? Charles F. Brooks. O Water-Surface Temperatures at Sea. MONTHLY 
WEATHER REVIEW, June, 1926, 54: 241-254, inclusive, discussion by several, and com- 
by F. G. 

? Charles F. Brooks. Reliability of Different Methods of Taking Sea-Surface Tem- 
Peratures. Jour. Washington Acad. Sci., Dec. 4, 1928. 18: 525~545. 
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gaps in the record were to be expected. It has not 
seemed feasible to move the instrument from one shi 
to another to avoid these periods of idleness. losiaed, 
the purchase of thermographs for the other two car ferries 
is hoped for. 

The thermograph (fig. 2) is of the mercury-in-steel bulb 
and capillary type, Negretti & Zambra’s Model B. A 
brass well protects the bulb. The bulb has a capacity 
some 150 times that of the 10 feet of fine capillary, the 
bore of which is but 0.007 inch. For a change of tem- 
pereeare of the capillary of 20°, therefore, an error of a 
ittle over 0.1° only is introduced. The capillary ends 
in a Bourdon tube, the curvature of which changes with 
the pressure of the mercury. The pen arm is fastened 
onto the free end of the Bourdon tube and is unencum- 
bered by levers. The pen rests lightly on the drum, for 
the pen arm at its base has a hinge that slants enough 
to allow part of the weight of the pen and arm to bear 
on the record sheet. The sheet in this instrument is 
5.8 inches high and 16.2 inches long, providing a fairly 
open scale both for temperature and time. 

Tests of the thermograph were made by S. P. Fergusson 
and C. F. Brooks at Washington, April 27, 1928, showing 
it to read too low, by 0.5° F. at 67, 0.4° at 77, and 0.3° at 
85. Another, by H. B. Boyer, July 28, after the instru- 
ment had been installed on the Henry M. Flagler, showed 
the thermograph 0.5° too low at 88.7. A series of 30 
comparisons by C. F. Brooks, during a round trip across 
the straits, April 8-9, 1929, between the temperature of 
the water coming from the faucet on the intake pipe and 
that being recorded by the thermograph, showed the 
thermograph too low at temperatures from 76° to 79° F. 
by 0.6° F. 3 times, 0.7° 24 times, and 0.8° 3 times. After 
allowing for the sheet having slipped up from the basal 
flange 0.2° of scale, the error averaged 0.5°, essentially 
as before. Since these tests in April, C. H. Stanton has 


‘compared the thermograph record with a calibrated ther- 


mometer each week. Without exception during the past 
10 months at temperatures between 75° and 90° F. the 
thermograph has continued 0.5° F. toolow. No attempt 
has been made to adjust the instrument for so small an 
error, the stability of which makes correction of tabula- 
tions easy. 

How the thermograph is installed.—The installation of an 
instrument of this kind on a steamship is not always 
practicable. The bulb must be placed in flowing water 
and the recorder set close by so there will not have to be 
too much capillary. To fix an exposure on the outside of 
a ship is a dry-dock job. The main intake for the con- 
densers provides a great volume of water immediately from 
the sea, and has been found to be the most satisfactory 
position for the thermograph bulb.* * ° 

On the Governor Codd installation was not practicable 
because nearly al] the intake pipe is in the bilge and below 
the deck plates; the only available point was where the 
steam enters the condenser. Moreover, the pipe is of 
cast bronze, which, if tapped, would require brazing in 
dry dock. On the Henry M. Flagler, however, no such 
difficulties presented themselves. On the inner portion 
of the sea-valve casting, where the intake pipe joins it, 
a 1-inch hole was drilled to admit the well in which the 
steel bulb closely fits. (Fig. 3.) 


4 Sir Frederic Stupart, J. Patterson, and H. Grayson Smith. Ocean Surface-Water 
Temperatures—Methods of Measuring and Preliminary results. Bull. of the National 
Research Council, No. 68, Washington, 1929, pp. 76-88, especially 73-80, figs. 1 and 2. 

§ Charles F. Brooks. Notes on the Extension of the Use of Sea- Water Thermographs, 
and on How They have been Installed, in annual reports of the Committee on Sub- 
marine Configuration and Oceanic Circulation, National Research Council, 1927, 1928, 
1929, and 1930 (mimeographed). 

¢ Footnote 3, p. 535. 
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Mr. Stanton describes the position of the bulb as 
follows: 

It is placed in the suction pipe to the upper sea valve to the cir- 
culating pump of the main condenser on the pump side of the valve 
about 2 feet from the skin of the ship. We have a 12-inch cen- 
trifugal circulating pump which runs at about 225 revolutions per 
minute; there is no velocity lost in the speed of the water, as the 
pump is about 6 feet below the water line and the water flows to 
the pump. The sea cock is 6 feet below water line. 

From the bulb the capillary follows a rib of the ship at 
about 10 inches from the skin on a slant upward to the 
recorder on a shelf. The recorder is bolted to a shelf 
which is itself bolted to the skin of the ship and is so 
placed that the pen arm is in a fore-and-aft position. 
(See fig. 3.) Owing to the damping by the sea, the effect 
of the engine vibration of the ship on the fineness of the 
record is negligible. But severe rolling doubles or trebles 
the 0.1° ordinary scale width of the regord line. This is 
due in part to the pen swinging on its hinges away from 
the drum and back onto it. In mid-November, 1928 
the pen swung against the glass window of the case and 
stuck, causing loss of record. The ship was at times 
rolling 36°, Mr. Stanton reported. After the ink was 
removed from the back of the pen and the glass cleaned 
no further trouble of this sort was experienced. On one 
of the trips the intake rolled out of water so much that 
the recorded temperature rose to 4° above that of the sea. 

What the thermograph record represents—The sea cock 
through which the condenser intake water enters is 6 feet 
below the surface on the average. This depth varies an 
average of 1 foot and a maximum of 2 feet’ with the 
load of freight cars and a great deal with the amount 
of roll, possibly 8 feet at 35°, from 2 feet down to 10 feet 
below the surface. There is almost always enough 
ground swell to bring the intake now and then to appre- 
ciably less than the 6-foot depth. Thus the water is 
drawn from different levels of the top 8 or 10 feet. In 
rough weather and at night, when the water is well 
stirred, the temperature of the entire layer is the same as 
that at the surface, but on a calm sunny afternoon the 
water near the surface becomes 2° to 4° F. warmer than 
at a depth of several feet. The afternoon of April 12, 
1929, the record ranged over a degree from minute to 
minute, with an extreme of 1.7° F., apparently owi 
to the higher temperature of the surface though suc 
differences may exist horizontally as well as vertically. 
Similar ups and downs, amounting to 2.3°, July 2, and 
2.4°, August 12, 1929, occurred in quiet weather. On 
the other hand, on a sunny day with a wind of Beaufort 
2-3 and no appreciable sea, five surface observations by 
C. F. Brooks with the large canvas bucket, between 
12:55 and 3:00 p. m., April 9, 1929, gave temperatures 
0.2° below, no difference, and 0.1°, 0.1°, 0.1° F. above the 
corrected indication of the thermograph, or an average 
of no difference. 

For 16 days when the thermograph reeord showed 
afternoon temperatures appreciably higher than the night 


? Ordinary draft before loading is 12% feet, average loaded draft, 1414 feet; maximum 
load draft, 16 feet, which is seldom reached. 
§ See references in footnotes 2, 3, and 5. 
* Cf. Discussion of paper by Charles F. Brooks and Hazel V. Miller. Gulf-Stream 
ere the Straits of Florida, Bull. Amn, Met’l Soc., May 1929, 10: 107-110. 
. top p. 110. 


temperatures, and for which bucket observations and 
a data were available on the same ship, the following 
tabulation shows that in all but the very quietest weather 
the thermograph record indicates the surface temperature. 


TaBLe 1.—Difference between bucket and thermograph records of sea 
temperature between 1:45 and 4:45 p. m. on days with large diurnal 
range of surface water aigg vine April to August, 1929, between 
Key West and Habana. Steamship “Henry M. Flagler” 


Wind velocity 


Bucket temperature minus thermograph 
Number of—| “temperature at time of bucket observation 


For mean reading| for | For highest swing 
of thermograph lowest | of thermograph 


Bucket: swing 
Days) obser- of ther- 
vations} mo- 


Mean) Least; Most! graph, |Mean| Least; Most 
mean 


Very light (Beaufort 0) 6 11} 10] 0.2] 26 1.4) 0.6 |-0.5 2.3 
Light (Beaufort 7 12 | —.6 |-1.7 -3 —.2 |—1.0 |-2.9 wl 
Moderate (Beaufort 2)... 3 6 | —.7 |--2.0 —.3 | —.8 |-2.4 3 


Table I shows that on the calm days the temperature 
obtained with the canvas bucket averages 1° above that 
shown by the thermograph for water 6 feet below the 
surface, and that the surface temperature as observed 
in a sample drawn up in a bucket may be as much as 
2.6° F. warmer than the intake water. The thermo- 
graph trace, however, shows marked fluctuations on 
such quiet days, which range on the average from 0.6° to 
1.4° ¥. below the surface sample. The — tem- 
perature recorded by the thermograph within a few 
minutes of the time of bucket observation ranges on 
calm days from 2.3° below the bucket temperature to 
0.5° above.” 

With even a light wind, the surface samples by bucket 
usually show temperatures lower than the intake thermo- 

aph by a mean of 0.6° and an extreme of 1.7° F. The 

epression of bucket temperature below the highest swing 
of the thermograph pen is nearly 3°. Corresponding 
values for ualeiaed winds are almost the same. The 
fact that the bucket temperature is some half degree 
lower than the intake temperature when there is enough 
wind to stir the water is in accord with other observa- 
tions," and suggests that if, as likely, this cooling also 
affects the samples on calm days the actual temperatures 
of the surface range from 1° to 3° higher than those at 
the depths through which the car-ferry mtake swings. 
Thus the thermograph records from the Henry 
Flagler are truly representative of the surface tempera- 
tures except on the rather rare calm days, when, during 
midafternoon hours, the surface temperatures may run 
from 1° to 3° above the intake.” 

Notations on the thermograms.—Since the temperature 
of the water in the intake pipe is recorded continually 


1 This warmth on the surface is in accord with P. M. van Riel’s paper, The Influence 
of Sea Disturbance on Surface Temperature (Kon. Ned. Met. Inst. Med. en Verh. 30, 
1929. Note in Met. Mag. London, Feb., 1930, pp. 20-21. Surface te 
average about 0.5° to 1° F. higher on quiet than on moderately rough days. 

11 See references in footnotes 1 and 2. 

12 Of. footnote 4 and G. F. McEwen. Significance of Water-Temperature Measure- 
ments Not Made Exactly at the Surface. Jour. Wash. Acad. Sci., Dec. 4, 1929, 18: 


Figure 5.—June 30 to July 7, 1929. An exaggerated example of the contrast in temperature in bright, quiet summer weather. 
Fieure 6.—June 8 to 15, 1929. Note the higher temperatures in shallow water and the diurnal range of two or three degrees. 
FicurE 7.—August 11 to 18, 1929. Late summer temperatures; shallow waters less contrasted with the deep. 

Ficure 8.—August 6 to 11, 1928. Even distribution of temperature in cloudy disturbed weather while hurricane was passing at a 


distance 


Ficure 9.—September 22 to 29, 1929. Regular course of temperature first of week replaced by falling temperature as hurricane 


passed close by on September 28 


Ficurs 10.—October 6 to 13, 1929. Diverse sea temperatures in cool week after stirring by hurricane. 
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whether or not the ship is underway, notations as to 
dates and hours of arrival and departure of the ship are 
essential for accurate tabulation and use of the records. 
Mr. Stanton now gives the following information on the 
thermograms (see fig. 4): 


Date. 

Circulating pump started and —: 

Hour and minute of departure and arrival at dock and when 
passing Key West sea buoy (S. B. K. W.) and Habana sea 
buoy, Morro Castle abeam (8S. B. Hv.). 

That portion of the trace showing the water between the 
Key West and Habana sea buoys (G. S., after Gulf Stream), 
and those while ship is at dock at Key West (K. W.) and 
Habana (Hv.). 

Hour and minute when ship hauls in the patent log on arrival 
off Habana (H.L.). This is of special significance when the 
ship is on second run and must wait for the first ship to leave 
the harbor. 

Logged mileage, sea buoy to sea buoy (L.), also, when ship 
stops off Habana, logged mileage from Key West Sea Buoy 
to hauled log oe rhe (H. L.). 

Average speed of ship in knots from sea buoy to sea buoy, i. e., 
logged mileage divided by the number of hours ship was on 
its course (S.). 

Depth of intake (D.), to nearest half foot. 

Extended periods when ship is at dock either in Habana or Key 
West are noted. 

Wind direction and force, roll of ship, and amount of seaweed 
each trip, a series of four numbers according to the following 


scales: 
Wind direc- ».| Amount of Gulf 
tion (Beaufort Wind Roll of the (Stanton’s weed (Stanton’s 
notation 


1=N. 0=Calm. 0=No roll. 0=No weed. 
2=NE., ete. | 1=Light airs, etc., to. 1=1 to 5 degrees roll. l1=Moderate 
8=NW. 6=Strong breeze. 2=5 to 15 degrees roll. presence of 
7= Moderate gale which | 3=15 to 25 degrees roll. weed. 
is limit of safety for | 4=25 to 35 degrees roll. 2=Lots of weed. 
this car ferry. 5= Above 35 degrees roll. 


Clock errors: Pointers from sea buoy times to temperature 
line are as accurate as possible, and engineroom clock time 
is checked against thermograph every day. 

Thermograph temperature checked every week by calibrated 
thermometer, and notation of variation made on upper 
left-hand margin of chart. , 

Weather or current conditions of special note are summarized 
on front or back of chart. 


THE TEMPERATURE PROFILE AT DIFFERENT SEASONS 


The temperature profile of the surface waters between 
Key West and Habana is a constantly changing one. At 
the different seasons, however, it has certain features 
characteristic of the time of year which tend to recur 
day after day. In summer, high temperatures at Key 
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West and flatness of the Gulf Stream profile are character- 
istic. In winter, low temperatures at Key West, moderate 
ones in the northern portion of the Straits and appreciably 
higher ones in the southern are usually in evidence. In 
spring, there are alternations between winter and summer 
types; and in autumn irregular types occur, especially 
after the passage of a hurricane. In the following para- 
graphs samples of profiles will be presented and some 
interpretation made. A detailed study of the distribution 
of temperatures and its relation to the previous and pres- 
ent weather, however, must await a larger body of records. 


Summer temperature profiles—The thermogram for 
June 30 to July 7, 1929 (fig. 5), is an exaggerated example 
of the contrasts in temperature that commonly develop 
in summer. The high temperatures of the more quiet 
waters of Key West Harbor and reefs and of Habana 
Harbor and its narrow entrance, on either side are sharply 
differentiated from the somewhat lower ones of the mov- 
ing and stirred Gulf Stream. The spires of high tempera- 
ture in Habana Harbor and the plateaus of stili higher 
temperature in Key West Harbor are features of the 
temperature profiles practically throughout the warmer 
half year. the Habana maxima occur in the central 
portion of the larger part of the harbor, and are higher 
than the temperatures at the dock, because of the are’ 
shadows and greater stirring near shore.” The maxima 
between Key West sea buoy and the harbor are, similarly, 
in the more heated shallow water. Thus, on the after- 
noon of April 10, 1929, the writer observed a tempera- 
ture rise from 78.3° F. in the blue water to 79.8 as the 
ear-ferry Joseph R. Parrott, on which he was riding, 

assed a sharp boundary into green water half a mile 
inside the sea buoy which is at the 20-fathom line. 

Close by these prongs of high temperature on the 
Habana side are sharp depressions, best developed in 
fig. 5 on July 6, which mark the contact of swell and 
current ‘* with the bottom a short distance from the 
shore. Eye observation of intake temperature every 
two or three minutes by C. F. Brooks on the Henry M. 
Flagler, April 9, 1929, showed the lowest temperature 
about a for from the sea buoy at the entrance of Habana 
Harbor, or somewhat under a mile off-shore. 


13 Water in Habana Harbor has practically no circulation, as there is but one narrow 
entrance and very few shallow spots, being all dredged out and deep (average 25 feet 
right up toland). The tides here average less than a foot (0.9 foot) mean, 1.3 feet maxi- 
mum according to *‘ Tide Tables United States and Foreign Ports, 1930,’’ U. 8. Coast 
and Geodetic Survey, Washington, D. C., 1929). 

4 John E. Pillsbury. The Gulf Stream. Methods of investigation and results of 
research. Report of the Superintendent, U.S. Coast and Geodetic Survey, year ending 
June 1890, Appendix 10. ashington, 1891, pp. 461-620. Refer to p. 596. 


Fiaure 11.—November 18 to 25, 1928. A norther cools the harbors and begins to cool the Gulf Stream. 
Figure 12.—November 26 to December 2, 1928. Cool streaks of falling temperature in Gulf Stream after a strong norther. 
Figure 13.—December 2 to 8, 1928. A quiet week, with recovery of harbor temperatures and widening of warm portion of Gulf 


tream. 


Figure 14.—December 9 to 15, 1928. Another norther temporarily reduces width of warm portion of Gulf Stream from 40 to 15 


miles. 


FiaurE 15.—December 23 to 29, 1928. A week of much contrast but practically no current. 


Figure 16.—January 6 to 12, 1929. Mid winter profiles—cooler north than south. 


(Cf. fig. 19.) 


Figure 17.—November 24 to December 1, 1929. A quiet week in late fall with Gulf Stream temperatures as high as 81 running 


into the early days of December. 


Figure 18.—December 22 to 28, 1929. A week of unusually cold northerly winds with consequent falling temperatures. 


Note 


the low temperature of 58.5 at the northern margin of the Gulf Stream the night of December 25-26, while only a mile or two away the 


temperature reaches 74. On this crossing the range was 20° in sea temperature. 


(Cf. figs. 12 and 15.) 


FigurE eh gg pg 5 to 11,1930. A slow recovery in sea temperature. Note that the usual cool northern portion of the Straits 


is virtually absent, thoug 


on the 11th a cool streak begins to develop appreciably. 


(Cf. fig. 16.) 


Figure 20.—January 13 and 17, 1930. A wide band of cool water far from shore January 13 as center of a westward moving low 


passes, with brisk shifting winds. 


Figure 21.—January 20 to 26, 1930. A quiet period in winter resembling springtime conditions. 


Fiaurg 22.—March 2 to 10, 1929. A springtime curve during a period 


of cool winds that temporarily reduced temperatures. 


Figure 23.—May 12 to 19, 1929. The relative coolness of the north portion is still in evidence though scarcely less marked than 


the cool weather on the Cuban side. 


The flatness of this curve goes with a windy week. 


Fiagure 24.—May 19 to 26, 1929. With cloudier conditions the Key West temperatures rose 2° and the Gulf Stream 10°, while 


daily ranges increased to 2° or 3°, a summer time condition. 
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A prominent feature of the afternoon portions of the 
daytime return trips toward Key West is the widening 
of the temperature line to 1 to 2 or more degrees owing 
to considerable variations in temperature within intervals 
of a few minutes. The lowest temperatures on these 
swings of the pen are a half to 1 degree higher than the 
temperatures recorded for the same positions during 
southbound trip the preceding night, and this half to 
1 degree rise appears to represent about the warming 
that has bomen during the day to a depth of 8 or 10 
feet where the intake, with the rolling of the vessel, 
would probably catch its coolest water. The higher 
portions of the swings of the pen represent practically 
surface temperatures, as shown in the discussion of 
Table 1. July 1, the only calm day of the week, has the 
largest range of these afternoon swings of temperature— 
a7": 

Even till midnight the waters remain fairly warm on 
the surface and spots or belts of cooler and warmer 
water seem to develop. On the nights of July l and2a 
small body or streak of warm water about 2° above the 
general run of temperature was encountered 6 and 8 
miles off the Key West sea buoy. 

The round trip of the Henry M. Flagler to Mobile 
early in June, 1929 (Fig. 6), showed the characteristic 
higher temperatures in shallow water between Key West 
and Tampa sea buoy, and a fall of 2.5° F. when the 
10-fathom curve off Tampa was passed into deeper 
water. The diurnal range in temperature in the open 
Gulf June 9, 13, and 14, was about 2°, with an extreme 
range of 3° the 13th. The highest temperatures occurred 
at 2:30, 3:55, and 3:30 p. m. on these days and the lowest 
between 5 and 9 a.m. A southeast wind of force 4 as 
the ship approaced Key West the evening of the 14th 
seems to have been responsible for the upwelling of 
cooler water outside the 10-fathom line, for the tempera- 
ture fell from 81.5° F. about 35 miles from the sea buoy 
to 79.8° F. 20 miles out, where the water is 13 fathoms 
deep, then rose rather evenly to 83.8 at the sea buoy 
and kept at this temperature to Key West. (Fig. 6.). 

The thermogram of August 11-18, 1929 (ii 7), 
obtained by Mr. H. L. Kissen, chief engineer, during 
Mr. Stanton’s vacation, shows late summer temperatures. 
With the sun less high in the sky and the general level 
of Gulf Stream temperature near its maximum, the 
temperatures in August are less contrasted than in early 
July. The same features of high Key West tempera- 
tures, warm Habana Harbor, and warmer afternoon than 
night temperatures are in evidence. 

he thermogram of August 6 to 11, 1928 (Fig. 8), 
shows the flatness of cloudy disturbed weather while a 
hurricane is passing at a moderate distance. At the 
beginning of this week the storm was centered over the 
southern Bahamas; the 7th it was nearest Key West, 
being over the Gulf Stream east of Miami. The next 
two days the storm was traveling northwestward through 
Florida. Habana, appreciably farther from the storm 
track than was Key West, shows the ordinary high 
temperature prongs of the open portion of the harbor. 
The daily range of Gulf Stream temperature was kept 
small, about 0.5° F., till near the end of the week, when 
it increased to 1° as the hurricane drew away. 

Autumn thermograms.—A hurricane that comes close 
enough to stir the waters vigorously as well as to spread 
its dense cloud canopy lowers harbor-water tempera- 
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tures considerably and Gulf Stream temperatures appre- 
ciably.“ The hurricane of the end of September, 1929, 
passed close by Key West on the northeast, the center 
at its nearest point being but 30 miles away. The 
(5-min.) average wind velocity at Key West on Septem- 
ber 28 reached 66 miles an hour, with gusts estimated 
at 80. The thermogram for September 22 to 29, 1929 
(fig. 9), shows a fall of Key West Harbor temperature 
of 1° as the hurricans approached, then a 24-hour fall 
of 5° as the storm passed. While the ship was in Key 
West Harbor during the storm this record of the harbor 
temperature was obtained. After the storm a cool spot 
appeared in the straits about two-fifths of the way from 

ey West to Habana, and, with little current in the 
stream, stuck there for several days, moving northward 
and disappearing October 12. (Fig. 10.) A squally 
and rainy week, October 6 to 13, 1929, reduced Key 
West temperatures 5° and Habana’s 2°. The cool spot 
or streak was some 5 miles wide the night of the 9th 
or 10th and had a temperature exactly the same as that 
at Key West, suggesting that this water had come 
from the reefs or the shallow eastern part of the Gulf 
of Mexico, perhaps pushing along in the faster current 
outside the generally quiet water immediately south of 
the keys, and thereby appearing as a cool streak. 


Strong northerly cool winds blowing over the warm 
waters of the reefs and Straits bring notable changes in 
a short time, exceeding the cooling by a hurricane. 
The effect of the norther of November 20-28, 1928, has 
already been described.!’ The thermogram of Novem- 
ber 18-25 (fig. 11) shows the rapid fall of Key West 
temperature, the less precipitate decline of Tiehene 
Harbor temperature ai: the rather slow cooling of the 
Gulf Stream as a whole. The following thermogram, 
November 26—Dec. 2 (fig. 12), shows the appearance of 
marked cool streaks in the Gulf Stream on the 7th day 
of the northerly wind, and the increasing invasion of cool 
water during the several days following. M. Idrac’s 
observatiéns of the yacht Jamaica of temperatures to 
depths of 1,000 meters on a line north from Habana 
November 24-25 and again December 1 show that the 
decrease in temperature was more than a surface phe- 
nomenon.'® Between the observations of Nov. 25 at 28 
miles north of Habana and those of Dec. 1 at 24 miles 
north of Habana, the temperature at the surface fell 0.8 
deg. C., that at 200 meters fell 3.7 deg. C., that at 400 
m., 2.6 deg., and that at 600, 0.7 deg.'® In other words, 
at the mean position of the axis of the Gulf Stream 
(according to Pillsbury), the temperature of the water 
to a depth of a quarter of a mile fell 5° F., at a depth of 
nearly one-half mile the temperature fell about 1°. This 
does not mean that such a great mass of water lost 
enough heat in this short time to effect this fall in tem- 


187. R. Tannehill in unpublished manuscript. The cold-water trail of the hurricane, 
1923, shows that in four hurricanes, 1882-1886, the sea temperature at a depth of about 
12 feet in Galveston Harbor was 1° to 2° F. cooler for the 6 days after a hurricane than 
for the 6 days before, the fall in temperature for the storm of August, 1886, amounting 
to 6.4° F. from 2 Sore before the storm (89.1° F.) to the day of the storm (82. 7 F.). 
He ascribes this cooling to increased tides as well as to cloudiness, rainfall, and win 
stirring. The average change between low and high tide he found was 4° F. 

16 Hazel V. Miller in abstract of paper on Temperature Variations in the Gulf Stream 
in the Straits of Florida, 1917-1921, Bull. Am. Met’l. Soc., 1926, 7: 88, states that ‘‘ Note- 
worthy is the depression of about 2° F. in temperature during the passage of 4 
hurricane through the straits in September, 1919.’ 

17 Charles F. Brooks. A norther cools the Gulf Stream. Bull. Am. Met’l. Soc., 
Mar., 1929, 10 : 70-72. 

18 B. Idrac. Sur quelques singularities du Gulf-Stream. Comptes Rendus, (Paris) 
—_ nee a 1929, 188:644. Repr., without the diagrams, in Mo. Weather Rev., 

ay, , 57:206. 

1B, Idrac. Personal communication with detailed data of the observations on which 
the diagrams in Comptes Rendus were based. 
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perature, but rather, as indicated above, that the north 
wind had driven more cooler water in the Straits. 

Winter temperature profiles—After a quiet week in 
which Key West temperatures came back to 77° F. and 
the warm portion of the Gulf Stream took possession of 
half the Straits (fig. 13), another norther setting in 
December 8 reduced the warm portion of the current to 
only one-fifth the width of the Straits, December 10 (fig. 
14), the reduction from half the Straits (40 miles) to 
one-fifth (15 miles) taking place between 4 a. m. and 
noon that day. The warm portion recovered three- 
fourths of its former width (or 30 miles) the following 
night and all of it by the end of the week, but its tem- 
perature became nearly 1° F. lower than before. Not. all 
such variations may be due to winds, for Pillsbury has 
emphasized the variations in direction from which the 
water enters the Straits under different tidal phases. He 
also ascribes the lesser thermometrical variations to “an 
interference of successive tidal impulses meeting the 
obstruction of the shore, whereby a vibratory motion is 
produced on the ocean’s surface attenuating or concen- 
trating the warm surface layer.” * 

Whether such rapid changes take place in the position 
of the warmer portion of the Gulf Stream off our Middle 
and North Atlantic seaboard is still to be determined 
from a study of the temperature profiles already at hand. 
Cursory inspection, however, coupled with years of 
bucket observations, indicate that changes in the position 
of the Gulf Stream amounting to more than 50 or 100 
miles do not occur, and that such small shifts can not 
in anywise be considered as a “‘change in the course of 
the Gulf Stream” so commonly imagined by those who 
would ascribe any extraordinary weather phenomenon to 
such a hypothecated departure of this great ocean stream 
from its established position. : 


After further north winds at Christmas time the 
northern half of the Straits reached its lowest tempera- 
tures, averaging 73° F., and, in a cool streak, between the 
northern portion and the warmer southern, running down 
to 70.6° P December 27. (Fig. 15.) Such cool streaks 
may be due to masses of cool water from the reefs, or to 
upwelling between currents of different speeds, the south- 
ern, presumably the stronger and, therefore, deflected 
more to the right, and away from the northern in its 
eastward movement. But, Mr. Stanton notes that there 
was practically no current this week, the southbound 
logged mileages averaging only 3 miles more than the 
northbound, when ordinarily there is a difference of 10 
or 15. The persistence of the temperature profile prac- 
tically unchanged in even the details of its shape was 
probably due to the ship passing through much the same 
water day after day. 

The week of January 6 to 12, 1929 (fig. 16), provides 
good samples of winter temperature profiles, which are, 
in several respects, the reverse of the summer. The shal- 
low waters of Key West Harbor and shoals are decidedly 
cool, while Habana Harbor is somewhat cooler than the 
Gulf Stream temperatures. The Straits are now coolest 
on the northern edge, while in summer they were warmest 
there. The temperatures of the Gulf of Mexico, the waters 
from which flow more into the northern portion of the 
Gulf Stream # are higher in summer and lower in winter 
than the Caribbean waters that generally feed the southern 
part of the Stream,” whereas some apparently detached 
warm bodies or narrow currents of water were noted 
near Key West on the summer thermograms (July 1 and 


cit., p. 596. 
HH. V. Miller, loc. cit., p. 87. 
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2), cool streaks appear in the winter in the same vicinity, 
most prominently January 6-9, possibly detached masses 
of the cooler shoal water of the western keys. Just as 
the detached warm bodies were not so warm as the Key 
West Harbor, which represents the shoal water tempera- 
ture, so these detached cool bodies are not so cool as the 
harbor water. 

Winter profiles, 1929-80, were strikingly like those of 
1928-29, just described. In the week ending December 1 
(fig. 17) and till December 4 the temperature of the north- 
ern quarter of the Straits was salliralty 77 to 78, while the 
southern three-quarters was as high as 81°F. In astrong 
northwesterly wind from December 3 to 5, the Key West 
Harbor temperatures dropped from 75 to 68, the north 
portion of the Straits from 77 to 75, and the warm three- 
quarters of the Straits from 81 to 79.5 and, by the 6th, 
to 79. Habana Harbor cooled from 80 to 76. Southerly 
winds at the end of the week raised the temperature of the 
warmer portion of the Straits to 80, where it stayed till the 
11th. A slow fall ensued. Then, on the 19th, a strong 
cool NW. wind (maximum velocity 32 miles per hour at 
Key West) again drove temperatures downward. The 
morning after this blow, three deep nicks, showing water 
2° to 4° cooler than on either side of each nick, appeared 
in the temperature profile of the northern half of the 
Straits. 

After a brief respite, the following week, December 22 
to 29 (fig. 18), was noteworthy for its unusually cold 
northerly wind. The mean daily air temperatures De- 
cember 24 to 26 were 58, 60, and 59° F., or i1 degrees 
under the December normal. Key West Harbor sea tem- 
perature fell from 69, on the 23d, to 60, on the 26th. The 
cool portion of the Straits (at that time the northern two- 
fifths) fell from 75 to 73. The warm section was but lit- 
tle affected, falling from 79 to 78.5. Habana Harbor 
cooled from 76 to 73.5. The thermogram of this cool 
week looks very much like that of December 23-29, 1928 
(fig. 15). The lowest temperature, at or near Key West 
Sea Buoy, was 58.5° F. at 11 p. m. December 25. This 
was 3° under the minimum of the winter of 1928-29. 

With the return of normal mild weather with moderate 
to brisk NE. to E. winds, the cool portion of the Straits 
became very much restricted, in the week of January 5 
to 11 (fig. 19 almost a replica of fig. 16, January 6-12, 
1929). On the night of the 10th to 11th, however, as the 
wind backed to N. with the approach of a subtropical 
Atlantic low from the east, a marked cool streak made a 
temporary appearance in the northern portion. Its 
lowest temperature, 72.4, was in marked contrast with 
the 76.6 and 77.6 on either side. With the wind again 
in the NE., on the daytime return trip the 11th, the cool 
streak had disappeared except for a small nick in the 
thermogram. On the following trip, the 13th (fig. 20), 
as the center of the low was passing through the Straits, 
with brisk shifting SW. to Sh. winds, a wide segment of 
cool water, about 20 miles wide appeared between warmer 
water near the north portion of the Straits and the warm 
water in the middle. The minimum temperature of 71.5 
was sandwiched between maxima of 77.1 and 77.6. 
After disturbed weather—two days with southerly winds 
and two with NW. to N. the next trip, on the 17th, re- 
vealed the more usual winter time cool water in the 
northern quarter, and warm in the southern three- 

uarters. Warmer water had recaptured part of the 
Straits previously occupied by cooler. 

In the more settled moderate weather of January 20-26 
(fig. 21) the thermogram was very much like those of 
spring. On some days as much as 1° diurnal range of 
temperature appeared. With further wintry weather, 
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however the following thermogram resumed a strongly 
contrasted Repeeeee, The rather quiet week of Feb- 
ruary 2-9 (fig. 4) had rising harbor and Gulf Stream tem- 
peratures till the 7th, after which a cool wind drove 
temperatures down again. On the warmest days, Feb- 
ruary 5 and6, an appreciable diurnal range again appeared. 

Spring profiles. —The week of March 3 to 10, 1929 
(fig. 22), while showing a cooler northern half of the Gulf 
Stream than some winter profiles, already began to exhibit 
the warm shoal-water spires of summer. In the earlier 
part of the week, Key West and Habana temperatures 
were, as in summer, above those of the Gulf Stream. 
But a strong northwest wind the 5th and 6th depressed 
Key West Harbor temperatures 6° and Habana 2°. At the 
same time, the cool-water portion of the Gulf Stream was 
widened at the expense of the warm, owing, apparently, 
to a greater contribution of water from the Gulf of 
Mexico. 

In the week of May 12 to 19, 1929 (fi 
coolness of the northern 
was scarcely less marke 


. 23), the relative 
ortion was still in evidence. It 
, however, than the cool water 
on the Cuban side. The stream was warmest in the 
middle. As the notations on the thermogram indicate, 
this was a windy week, with east and southeast winds 
of force 3 and 4, and with a sea that kept the ship rolling 
considerably. Thus, it is not surprising to find rather 
smooth profiles and no more than 0.5° F. daily range of 
temperature. In spite of the wind, however, Key West 
Harbor temperatures continued a degree or two above 
those of the Gulf Stream. With the quieter conditions 
of the following week (fig. 24), Key West temperatures 
shot up 2°, and the surface of the Gulf Stream rose 1°, 
while daily ranges increased to 2° or 3°. The highest 
temperatures, May 22 and 23, occurred between 2:30 
and 4:00 p. m. 

Five temperature, density, and salinity profiles run 
across the Gulf Stream between Key West and Habana 
and between Miami and Nassau by the writer, in April, 
1929, brought out the following facts: (1) Reef and bank 
water was the most saline; (2) southeast Gulf of Mexico 
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and Cuban shore water was the least saline; (3) cool 
streaks (?) in the left half of the Gulf Stream were the 
most saline parts of the stream, though less saline than the 
waters of the Florida keys or Bahama banks. It seems 
likely that the cool streaks at this time were made up of 
water upwelling from the more saline layer which is not 
far below the surface in the left portion of the Gulf 
Stream. In view of the lower salinity of the south- 
eastern Gulf of Mexico, it is evident that these cool 
streaks could probably have had no immediate relation 
with the water of the southeastern Gulf north of Key 
West. This southeastern Gulf water, furthermore, was 
cooler than the lowest temperatures found in the Gulf 
Stream south of Key West.” 

A detailed discussion of these observations, which 
included 174 with a hydrometer, and a collection of 64 
samples which were later titrated at Harvard, through 
the kindness of Dr. Henry B. Bigelow, will be presented i in 
a separate paper elsewhere. 


CONCLUSION 


The surface waters of the Gulf Stream in the Straits of 
Florida are diverse in temperature and are subject to 
considerable variations from day to day. Much of the 
interdiurnal variation is closely related to the weather, 
especially the wind, which disturbs the surface. Char- 
acteristic differences in the general shape of the surface 
temperature profile across the Straits seem to arise from 
the frequent occurrence of cool northerly winds in winter, 
reducing the surface temperatures on the Key West side, 
and from the prevalence of warm southeasterly winds in 
summer which raise the temperatures there. There are, 
however, certain fundamental differences in temperature 
which can not be related to the immediate weather. 
These will be discussed in another paper, to follow this 
one immediately. The thermograms have all been tabu- 
lated in detail, and weekly means have been derived for 
publication. 


23 Charles F. Brooks, Surface Temperature, Density Baws Salinity profiles across the 
Straits of Florida. Bull. of the National Research , 1930. 


INTERNATIONAL METEOROLOGICAL ORGANIZATION 


ARTICLE I 


The present International Meteorological Organization, created 
at Utrecht in 1878,' revised at Paris in 1919, at Utrecht in 1923, and 
at Copenhagen in 1929, comprises: 

. The conferences of the directors. 
. The International Meteorological Committee. 


. The secretariat of the organization. 
. The commissions of the organization. 


ARTICLE IT 


1. The conferences of the directors have for their principal func- 
tion the discussion of administrative questions and the means of 
execution, in order to put themselves in accord on the methods of 
observation and of calculation, to decide on the common work that 
ought to be undertaken, and to create eventually the necessary 
commissions; purely theoretical questions are not in the jurisdic- 
tion of the conferences. 

2. The conferences are composed of the directors of the inde- 
pendent national meteorological networks of all nations. 

3. The conferences are convoked by the International Metero- 
logical Committee; they ought to take place at least every six 


1 So definite a statement as this must have been based on grounds not available on this 
side of the Atlantic; nevertheless, whatever, may have been in the minds of the directors 
in attendance on the Utrecht meeting of 1878, no mention is made in the proceedings of 
that meeting of the creation of an International Meteorological Organization. The 
report of the Berne meeting of 1880 bears the title “‘ Report of the International Meteoro- 
logical Committee” and thus it became the habit of some, at least, to think of the organi- 
zation as a whole as that known by the title just mentioned. In commenting upon the 
statutes of the International Meteorological Organization, immediately following this 
article, the present writer — the view that the title, “‘ International Meteorological 
Organization, ’’ was first rr ed at the Paris meeting of 1907, and approved at the Paris 
meeting of 1919.—A. J. H. 


years. They ought also to be convoked extraordinarily by the 
committee when urgent questions arise for its consideration. Con- 
vocation is obligatory when it is called for by a quarter of the mem- 
bers of the conference. 

4. The president of the committee gives notice of the meeting by 
circular a year in advance to the members of the conference ae 
the presidents of the commissions) and causes to be designated by a 
vote of the committee the date and the precise place of the meeting. 

5. The president of the international committee convokes directly 
all the members to the conferences; the secretariat establishes the 
list and publishes it each year after having brought it up to date. 

6. The members of the conference have the right to have them- 
selves represented if they are not able personally to take part in 
the conference. The substitutes ought to belong to the service 
represented or to be a part director of the service; he should not be 
a member of the conference under another title. 

7. The decisions are taken by a majority of the voices of the 
members present, save in case a vote by countries? is demanded, 
even by a single member. 

8. The conference of the directors names the International 
Meteorological Committee, the powers of which end at the ordi- 
nary conference following. 

9. The conference chooses its president, who rules over its func- 
tions during the entire duration of the session. 


ArTIcLE III 
INTERNATIONAL METEOROLOGICAL COMMITTEE 


1. The members of the committee ought to belong to different 
countries and be members of the conference. 


2? One understands by this word all countries that govern themselves. 
Dominion of Canada.) 
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2. The number of the members of the committee is fixed by the 
conference of the directors. 

3. phe committee has the right to replace a decedent or resigned 
member. 

4. When a member of the committee ceases to be director, he 
is continued on the committee until the next meeting of the 
committee. 

5. The committee may add to itself in a consultative title such 
persons whose counsel appears useful to it. 

6. The committee names an executive council composed of the 
president and four other members chosen from itself. Interior 
regulation, approved by the committee, rules the functions of the 
executive council. 

7. The committee supervises the execution of the decisions of 
the conferences in the interval between meetings; it receives and 
should approve the reports of the commissions; it takes all neces- 
sary measures for the development of international meteorology. 

8. The president of the committee is elected by the committee 
and has charge of its functions until the next ordinary session of 
the conference. 

9. The retiring president, in case he has been elected for more 
than four years, is not immediately eligible. This clause is appli- 
cable only after 1935. 

ARTICLE IV 


THE SECRETARIAT OF THE INTERNATIONAL METEOROLOGICAL 
ORGANIZATION 


1. The secretariat, functioning under the direction of the presi- 
dent of the International Meteorological Committee, is charged 
with the organization of the meetings of the conference, of the 
committee, and of the commissions, as well as of the publication 
of the minutes. It constitutes, likewise, a center of documenta- 
tion relative to the meteorological services of the entire world, and 
it assists, to the extent of its means, the president of the com- 
mittee and the presidents of the commissions in the execution of 
their work. 

2. The expenses of the secretariat are covered by the optional 
subventions of the different national services in the proportion of 
4,000 gold francs for a large State, 2,000 gold francs for a medium 
sized State, 1,000 gold francs, or a lesser sum, for other States. 

3. The executive council of the committee manages the budget 
of the secretariat, the compatibility of which is communicated 
each year to members of the conference. 

4. The definite seat of the secretariat is fixed in Switzerland. 

5. The composition of the secretariat and the assignments of 
its personnel are fixed by the executive council of the committee. 


ARTICLE V 


COMMISSIONS 


1. The commissions, instituted by the conference or by the 
committee, ought to include at least one member of the committee. 
In the newly created commissions the first president is nominated 
by the conference or by tie committee. 

2. Once constituted, the commissions have the faculty of com- 
nee themselves and of organizing their work at their will. 

3. The presidents of the commissions, who are not members of 
the committee, are invited to assist in the sessions of the latter 
and to take part in the discussions, with a consultative voice. 
The presidents furnish, at the beginning of each session of the 
committee or of the conference, a report on the work of their 
commissions. 

4. The commissions meet at least once every three years. The 
designation of the place and of the date of the meetings is made 
after preliminary consultation between the president of the com- 
mittee and that of the commission. The decisions are taken by 
the majority of votes of the members present, save in the case 
where the vote by countries is demanded. 

_ 5. Those persons who wish to propose a question for the delibera- 

tion of the conference, of the committee, or of a commission, ought 
first to request the interested presidents that this question be 
placed on the order of the day, and to send, not later than two 
months before the meeting, a short summary of this question to 
the secretariat, who will distribute copies of it to members of the 
conference who express the desire, to members of the committee 
or of the commissions interested.—Translated from the French by 
Margaret and Charles F. Brooks. 


REMARKS ON THE FOREGOING 


Meteorvlogists on this side of the Atlantic have been 
more or less confused by references to the International 
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Meteorological Organization, a title evidently used to 
indicate the body best known in this country as the 
International Meteorological Committee. For the benefit 
of our readers the following outline history of the succes- 
sive steps taken in the main by Europeans to standardize 
meteorological methods and practices since the beginning 
of activity in that matter is presented. 

The history readily divides itself into two periods the 
first of which came to a close with the World War and 
the second, or present, having its inception at the Paris, 
1919, conference of directors. 

The first or original meeting of meteorologists was 
held at Leipzig in 1872, in pursuance to a call issued 
by Messrs. Wild, Bruhns, and Jelinek, directors of meteor- 
ological services at St. Petersburg, Leipzig, and Vienna, 
respectively. There were 52 persons in attendance at 
this conference which continued for three days, durin 
which many practical questions were discussed an 
arrangements were made for the first meteorological 
congress to be held in Vienna in 1873. A permanent 
committee of seven members was elected at Leipzig, 
which functioned as a sort of executive committee for 
many years. 

The Vienna congress did not create a formal organi- 
zation or enact by-laws for the government of its sessions. 
It did, however, create a number of subcommittees for 
the consideration of sundry questions that came before 
the congress; these subcommittees were later changed 
to ‘‘commissions”’ with a more or less permanent form of 
organization. 

A conference was held in Munich in 1891, Paris in 1896, 
Innsbruck in 1905, and the next one was scheduled for 
1914, but by reason of the World War was not held, 
and with the close of the war came also the temporary 
end of all international agreements. 

The International Meteorological Committee is first 
mentioned in nonofficial document No. 14 printed by 
authority of the Meteorological Council of Great Britain 
in 1881, under the title ‘Report of the International 
Committee Meeting at Berne 1880.” In that report 
it is stated that the first meeting of the committee 
was held in Rome on April 22, 1879. There were present 
at this meeting Messrs. Cantoni, Capello, Hann, Mascart, 
Mohn, Neumayer, Scott, and Wild. The last named 
was elected president of the committee and Scott was 
elected secretary. This committee which in the earlier 
years of its existence was charged with carrying out the 
recommendations of the congresses, making arrange- 
ments for the conferences of directors, etc., seems never 
to have clearly formulated its sphere of action until the 
meeting of the committee held in Paris in 1907 when M. 
Mascart the retiring president prepared a statement 
of the regulations that had been acted upon in practice 
since 1879. Before the réglement could be acted upon 
the war broke out and approval was not obtained until 
1919. In that year the directors of the meteorological 
services of Great Britain, France, and Italy, after an 
exchange of views, agreed to summon an international 
conference of directors in Paris in September, 1919. 
At this meeting the organization proposed in 1907 was 
approved. Doubtless an added reason for its approval 
was the creation of an international union of geodesy and 
geophysics in which sections devoted to meteorology and 
terrestrial magnetism and electricity were included. 
Both of these subjects had been embraced by the inter- 
national body of meteorologists and magneticians. 
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It was at the Paris meeting of 1907 that the name 
International Meteorological Organization® was first defined 
as consisting of— 

1. Conference of directors. 


* Subsequent changes were the addition of a secretariat as shown in the beginning of 
this article. 
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2. The International Meteorological Committee. 

3. Commissions. 

The International Meteorological Committee continues 
to function, as in the past, as the executive committee of 
the conference of directors the body as a whole being 
known as the International Meteorological Organiza- 
tion.—A. J. H. 


THE INTERNATIONAL CONVENTION FOR SAFETY OF LIFE AT SEA, LONDON, 1929 


By E. B. Catvert,! Chief of Forecast Division 
[Weather Bureau, Washington, May, 1930) 


There were two international conventions held in 1929 
which resulted in agreements of high importance to 
meteorology. The first of these, the International Con- 
vention on Safety of Life at Sea, was held in London 
from April 16 to May 31. On the latter date it was 
signed by the delegates of the 18 maritime nations that 
were represented. No nation failed to sign. In all 
there were 172 officially appointed delegates and experts, 
and a considerable number of advisors not included in 
the delegations. These statistics are mentioned merely 
to indicate the magnitude of the assembly and its im- 
portance. It was the second international conference 
of its kind, the first having been held in 1914 as a result 
of the Titantic disaster. 


Meteorology had small part in that first conference in 
1914. Scarcely could it be said that ‘it was among those 
present.’’ As a matter of fact, so far as can be ascer- 
tained, no meteorologist was in any national delegation. 
Nevertheless, it must have been recognized that weather 
is a menace to safety of navigation with which ships 
must contend because several pages of the convention 
as signed were devoted to meteorology but in a form that 
placed no obligation on ship masters to furnish weather 
reports. It consisted of codes, tables, and generaliza- 
tions which were of no use to anybody and in fact were 
obsolete by the time the convention articles were published. 

Meteorology had a far different status in the 1929 con- 
vention. This was due in considerable part to the Inter- 
national Meteorological Committee, aided in some degree, 
no doubt by the strong recommendation of the Chief of 
the United States Weather Bureau that a meteorologist 
be included in the United States’ delegation. At meet- 
ings of the subcommittee on synoptic weather informa- 
tion held in London in June, 1928, a resolution was 
adopted urging representation of the International 
Meteorological Organization in the convention and nam- 
ing the president of the International Meteorological 
Committee as its representative. This resolution was 
brought to the attention of the British Government 
which called the convention and controlled official pro- 
cedures. The resolution also came to the attention of 
the officials of the various governments invited to par- 
ticipate in the convention. The position of the British 
Government was in effect that it could not recognize 
unofficial organizations but that any government was at 
liberty to compose its delegation to represent any phase 
of safety of life at sea it might desire; also, that during the 
convention advisors outside of the official delegations 
could be utilized. Three nations had meteorologists in 
their delegations—Great Britain, Germany, and the 
United States. 

As is customary in international conferences, commit- 
tees were formed to handle different subjects. The 
committee on safety of navigation was one of the five 


1 Presented before the American Meteorological Society, Washington, 1930. 


major committees thus formed. The major committees 
in turn appoint subcommittees. Meteorology came 
within the scope of the committee on safety of navigation 
and was the first subcommittee to be formed. Each 
nation had the privilege of naming a member. It was 
expected that the subcommittee would be small but the 
actual number was 19, representing Italy, England, 
France, United States, India, Australia, Germany, Rus- 
sia, Netherlands, Norway, Denmark, Canada, and 
Japan. The subcommittee was augmented by Colonel 
Gold, of the British Meteorological Service, and Captain 
Bureau of the French service by special designations of 
the chairman of the delegations of their respective govern- 
ments. These facts are mentioned to indicate the 
recognition given to meteorology in the 1929 convention 
in contrast with the convention of 1914. 

As might be expected, many viewpoints were advanced 
by the membership of the subcommittee, all of which 
required patient discussion and adjustment, but in basic 
principles there were few divergencies of opinion. Details 
of the discussions and descriptions of the proposals that 
were rejected, modified, or accepted, are interesting but 
it is not practicable to discuss them within the limits 
of this program. 

The committee on navigation accepted the report of 
the subcommittee with no material modification and by 
a large majority vote, but strong objection was offered 
by the Danish delegation to the article which stipulated 
that instructions to ships concerning meteorological ob- 
servations should be given by the national meteoro- 
logical service of the country under whose registry the 
ships are operating. This clause was lengthily debated 
eal the subcommittee’s report was approved with only 
three negative votes. However, the Danish delegation 
carried their point in the plenary session. 

The 1929 convention as signed is divided into two 
parts. The first consists of covenant or convention 
articles and the secod of regulations governing procedures 
in application of the convention provisions. In the 1914 
convention meteorology was not mentioned in the con- 
vention articles and therefore it had no legal standing. 
Inconsequential paragraphs pertaining to weather, whic 
were so worded as to place no obligations on anybody, 
appeared solely in the regulations. 

The meteorological subcommittee at London drafted 
two convention articles, one dealing with obligatory 
reports to be made by all shipmasters, the second enjoin- 
ing governments to encourage certain meteorological 
arrangements of importance to safe navigation. They 
are, respectively, articles 34 and 35 of the convention. 

Article 34 enumerates certain dangers to navigation, 
which masters are compelled to report under penalty. 
Dangerous ice, derelicts, and ‘‘dangerous tropical storms’’ 
are specified. On the other hand, it places obligation on 
each administration to take all steps it considers neces- 


sary to insure that the dangers when reported be promptly 
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brought to the knowledge of those concerned and com- 
municated to other administrations interested. This 
article reads as follows: 


Art. 34. The master of every ship which meets with dangerous 
ice, a dangerous derelict, a dangerous tropical storm or any other 
direct danger to navigation is bound to communicate the informa- 
tion, by all the means of communication at his disposal, to the ships 
in the vicinity, and also to the competent authorities at the first 
point of the coast with which he can communicate. It is desirable 
that the said information be sent in the manner set out in Regula- 
tion XLVI. 

Each administration will take all steps which it thinks necessary 
to ensure that when intelligence of any of the dangers specified in 
the previous paragraph is received, it will be promptly brought to 
the knowledge of those concerned and communicated to other 
administrations interested. 

The transmission of messages respecting the dangers specified 
is free of cost to the ships concerned. 


The scope of article 35, as previously indicated, in- 
volves moral responsibility and cooperation, rather than 
compulsion. It is comprehensive and self-explanatory: 


Art. 35. The contracting governments undertake to encourage 
the collection of meteorological data by ships at sea, and to arrange 
for their examination, dissemination, and exchange in the manner 
most suitable for the purpose of aiding navigation. 

In particular, the contracting governments undertake to cooper- 
ate in carrying out, as far as practicable, the following meteorologi- 
cal arrangements: 

(a) To warn ships of gales, storms, and tropical storms, both 
by the issue of wireless messages and by the display of appropriate 
signals at coastal points. 

(b) To issue daily, by radio, weather bulletins suitable for 
shipping, containing data of existing weather conditions and 
forecasts. 

(c) To arrange for certain selected ships to take meteorological 
observations at specified hours, and to transmit such observations 
by wireless telegraphy for the benefit of other ships and of the 
various official meteorological services, and to provide coast 
stations for the reception of the messages transmitted; and 

(d) To encourage all shipmasters to inform surrounding ships 
whenever they experience wind force of 10 or above on the Beaufort 
scale (force 8 or above on the decimal scale). 

The information provided for in paragraphs (a) and (6) of this 
article will be furnished in form for transmission in accordance 
with article 31, paragraphs 1, 3, and 5, and article 19, paragraph 25, 
of the general regulations annexed to the Internationa dio- 
teleghaph Convention, Washington, 1927, and during transmission 
“to all stations” of meteorological information, forecasts and 
warnings, all ship stations must conform to the provisions of article 
31, paragraph 2, of those general regulations. 

eather observations from ships addressed to national meteoro- 
logical services will be transmitted with the priority specified in 
article 3, additional regulations, International Radiotelegraph 
Convention, Washington, 1927. | 

Forecasts, warnings, synoptic and other meteorological reports 
intended for ships shall be issued and disseminated by the national 
service in the best position to serve various zones and areas, in 
accordance with mutual arrangements made by the countries 
concerned. 

Every endeavor will be made to obtain a uniform procedure 
in regard to the international meteorological services specified in 
this article, and, as far as is practicable, to conform to the recom- 
mendations made by the International Meteorological Organization, 
to which organization the contracting Governments may refer for 
study and advice any meteorological questions which may arise 
in carrying out the present convention. 


The regulations article in the 1914 convention was dis- 
carded by the subcommittee because it was long, complex, 
impracticable, and had never been brought into general 
use. The new regulation (Regulation VI) prepared 
by the subcommittee was adopted as presented. It 
deals entirely with details of procedure on the part of 
chipinasiets in reporting “dangerous tropical storms,” 
and other dangers to navigation, as required by article 
34, Itis as simple and as short as possible consistent with 
supplying instructions which will enable shipmasters to 
prepare in a uniform manner the dangers which they 
are compelled to report. 
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The complete convention, in English and in French, 
has been published by the Department of State and may 
be obtained by purchase from the Superintendent of 
Documents, Washington, D. C. 

At this time (May 1, 1930), the convention has been 
formally adopted by a considerable number of the par- 
ticipating governments. It has not yet been considered 
or ratified by the United States Senate. 

The significance and importance of the London con- 
vention will appeal at once to meteorologists. It was 
epochal. Undoubtedly it will be of incalculable benefit 
to the future standing and progress of meteorology. For 
the first time this science and service was given recog- 
nition in an international agreement; for the first time 
official recognition was given by governments to the 
International Meteorological Organization. The con- 
vention has advanced the influence and standing of that 
organization to a position which will make it a potent 
factor in strengthening and stabilizing working arrange- 
ments among the national meteorological services of the 
world. In this connection it is pertinent to remark that 
for many years prior to the London convention there 
was no lack of cordial cooperation and understanding 
between the meteorologists of the world, even during 

riods of stress and national enmities caused by war. 

here hasnever been any need for peace conferences among 
national meteorological services; but there has been and 
always will be necessity for frequent meetings to work out 
uniform methods of procedure and adjustments of service. 

The second conference of prime importance to meteor- 
ologists was the sexennial meeting of the International 
Meteorological Organization held in Copenhagen, Den- 
mark, in September, 1929. Prior to its sessions the various 
commissions of the organization were held in the same 
city. Incidentally it may be mentioned that during the 
summer the British Government had called together in 
London all of the directors of the meteorological services 
in its dominions. Although this conference was British 
in its scope, and its accomplishments not of direct con- 
cern to other nations, it had important bearings on the 
Copenhagen meetings because most of the attendants 
also went to Copenhagen and participated in the meeting 
of the commissions and the organization. 


INTERNATIONAL METEOROLOGICAL ORGANIZATION, COPEN- 
HAGEN, 1929 


The International Meteorological Organization meeting 
at Copenhagen was the most representative one ever 
held. Never before had so many of the workers in 
meteorological science come together. Thirty-four coun- 
tries were represented and about 40 independent services, 
the number of delegates, commission members, and allied 
participantsbeing93. Germany had 16, England, Sweden, 
and Norway had 5 each, Japan and Spain 4 each, while 
the other countries were represented by from 1 to 3 each. 

The International Meteorological Organization is not 
exclusively meteorological in character. It embraces 
other subjects such as terrestrial magnetism, atmospheric 
electricity, hydrology, etc. All of the commissions, 12 in 
number, held meetings during the week preceding the 
session of the parent organization. The sessions of the 
latter in the main were devoted to consideration of the 
reports of the commissions. The International Meteoro- 
logical Organization meets every six years, but many of 
the commissions meet more frequently so that all of their 
actions and resolutions during the 6-year period since the 
conference held in Utrecht in 1923 required action. 
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Discussion, even in abstract, of the proceedings at 
Copenhagen would require more space than is practicable 
here. A full report will be published and become avail- 
able to those interested in the whole proceedings or special 
portions thereof. Therefore, remarks will be confined to 
a few outstanding accomplishments. 

For many years there has been general recognition of the 
necessity for organizing ship reporting service on a uni- 
form basis. Every maritime nation has been proceeding 
along lines of individual organization, employing codes 
of its own, securing data according to its own ideas of 
necessity, and arranging for collections best adapted to 
its own communication facilities. The problem of in- 
ternational coordination of ocean service was discussed 
at subcommission meetings held in Paris and London 
in 1928. These meetings were attended by the Chief of 
the Weather Bureau and the Chief of the Forecast Divi- 
sion. The conclusions reached, in the form of 12 resolu- 
tions, were adopted without material change at Copen- 
hagen. These resolutions, in substance, provide— 

That each nation shall arrange with a certain number of selected 
ships to take standard observations regularly, the number of se- 
lected ships to be equitably distributed among the nations according 
to tonnage. 

That the standard hours of selected ship observations shall be 
0000, 0500, 1200, and 1800 G. M. T., and that when only two ob- 
probes a day are transmitted the preferred hours will be 0000 
an 

That adequate facilities be provided for exchange of ship obser- 
vations among the meteorological services requiring them. 

That a universal code be employed. 

That, pending international agreements regarding nonselected 
ships, no restrictions will be placed on any country in providing 
service from such ships to meet domestic requirements or in the 
transmission of reports therefrom in either plain language or in 
any published code. 


Note.—This provision was designed to prevent interference 
with service such as the United States has in connection with its 
hurricane warning work. 


That encouragement be given to the establishing at the Azores 
of a collecting center for ship reports in the North Atlantic and for 
forecasting service. 


Note.—The Portugal Government already has erected a radio 
station at the Azores and has begun collecting ship observations. 


That all arrangements relating to ships and ship observers shall 
be a national procedure through the meteorological institute of the 
country under whose registry the ships are operated. 

Concerning the foregoing, it may be said that the 
United States Weather Bureau already has begun its 
selected ship program, that 20 selected ships of United 
States registry are reporting regularly; and that on May 
1, it put into use on such ships the universal number code 
as adopted at Copenhagen. A detail of this program 
is that selected ships, regardless of nationality, in the 
North Atlantic will radio their reports to Washington 
when west of longitude 35°, and to the Azores or some 
other selected European station when east of 35° longi- 
tude. Already 20 United States ships, 32 British ships, 
and 5 French ships are radioing their observations to 
Washington. It is expected that in a few months 10 
German ships will come into the program. All of these 
messages are included in the bulletins that are trans- 
mitted twice daily (11 a. m. and p. m.) from the Weather 
Bureau, through Navy radio station NAA, for the bene- 
fit of the European meteorologists. However, arrange- 
ments for United States ships to transmit reports to 
Europe when east of 35° longitude, have not been com- 
pate due to some pending questions pertaining to radio 
tolis. 

An outstanding accomplishment at Copenhagen was 
the agreement reached pertaining to international codes. 
This is a matter with which national services struggled 


MONTHLY WEATHER REVIEW 


AprRIL, 1930 


for many years. The problem had many difficult angles, 
some of them appearing to be impossible of adjustment. 
Every nation has its peculiar situations of public service 
which require that data be supplied in certain forms of 
substance and arrangement. This problem was par- 
ticularly acute among European countries because of 
their relatively small geographic areas, their dependence 
on each other for observations, and the necessity for 
coordination of communication arrangements so that 
weather reports could be made quickly available without 
sacrificing data that each dastve: Transmission in code 
is necessary, because plain language would produce a 
volume that would choke communication facilities. A 
number code in groups of 5 is best for the purpose. It 
is believed that now this opinion is aniviesee: 

Securing agreement as to form of the codes and of the 
data to be universally utilized was not so simple. For 
instance, some were satisfied with a few cloud types, 
others wished a hundred. The requirements of some 
were satisfied in expressing state of weather in a few terms, 
such as clear, cloudy, raining, snowing, etc., while others 
insisted on divisions of a hundred parts. Similar com- 
plications and viewpoints were numerous. Other techni- 
calities involved arrangements of the data in the number 
groups and the arrangement of the groups in the mes- 
sages. This perplexing problem came within the pur- 
view of the commission on synoptic weather information 
of which Col. E. Gold, of the British Meteorological 
Service, has been president for many years. It was due 
in large part to his skill and tact that the code question 
was amicably settled at Copenhagen. Forty-eight sym- 
bols, subject to a few modifications, and 22 data tables ap- 
plicable to the code symbols and arrangements were 
adopted. This year for the first time in the history of 
international meteorological relationships a common code 
for use in international work will come into use. It 
stands out as_one of the great accomplishments at 
Copenhagen. No longer will a ship captain be required 
to consult a volume of hundreds of pages in his efforts to 
decode a weather report handed to him by his radio 
operator. No longer will an airship circumnavigating 
the world, as did the Graf Zeppelin, have to carry over 30 
weather-code books in order to prepare weather charts. 
Hereafter, one code book will suffice and not be a very 
large one at that. Every figure in the code will have a 
precise meaning and the same meaning regardless of the 
ship or country from which an observation emanates. 

Another important decision related to units to be used 
in expressing barometric pressure. Inches and milli- 
meters gave way to millibars. In the future millibars will 
be used in all international transmissions. Temperature 
did not fare so well. No universal unit was adopted. 
Centigrade and Fahrenheit scales will continue in use 
according to national preferences. 

Another important accomplishment related to inter- 
national collecting and distributing weather reports. 
The conference remarked that five great wireless trans- 
missions of a character pecularily international are 
required under present conditions for synoptic meteorol- 
ogy of the Northern Hemisphere, and that there are five 
nations in a specially favorable position for the collec- 
tion of the information required and their transmission to 
meet international requirements. They are: France for 
Western Europe; Germany for Central Europe; Russia 
for European and Asian areas under Russian control; 
England for collective transmission to America of 
reports from the eastern Atlantic and Europe; and United 
States for collective transmission to Europe of reports 
from the western Atlantic and North America. 
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The conference expressed the hope that the meteor- 
ological services of these five countries would be able to 
undertake the services mentioned in the interest of 
meteorology in the Northern Hemisphere. 

For several years past the United States Weather 
Bureau has been doing what was allocated to this country 
in the form of the so-called Angot broadcasts at 11 a. m. 
and p.m., E.S.T. Therefore, no material change in its 
program will be necessary. France has been transmitting 
for the benefit of services on this side of the Atlantic a 
bulletin (once daily) containing European reports. When 
the suggestions of the conference are complied with, 
England will take over the duty of transmitting European 
reports to America, relieving France of the obligation. 
These wists. omg are now under way and it is expected 
that they be put into effect within a few months. 

In all, there were 109 resolutions adopted at the Copen- 
hagen conference, covering a wide range of activities. 
are important, but it has been practicable to refer only to 
a few which appear to have the most direct bearing on 
our own activities. 
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The by-laws or operating rules of the International 
Meteorological Organization were changed in several 
inpeetens respects. Some of the principal changes are: 

rovision for a permanent secretary whose salary will 
be paid from contributions by the various services. 

Provision whereby a director who is unable to attend 
a called meeting of directors may name a representative, 
but such representative must be an official of the service 
that he represents or else a former director thereof. 

Location of the permanent headquarters of the secre- 
tary in Sierideeslanas after the ensuring 6 years, the office 
to remain in Holland until that time. 

The creation of an executive council of 5 to handle 
administrative details of the organization in place of 
the former cumbersome method of referring questions to 
the International Meteorological Committee (about 20 
members) scattered in all parts of the world. The 
executive council appoints the personnel of the Secretariat 
and controls its budget and activities. The Chief of the 
United States Weather Bureau has been elected a member 
of this council. 


NOTES, ABSTRACTS, AND REVIEWS 


Weather Maebgarsee* A from Synoptic Charts by Alfred J. 
Henry.—The present is the second in the series of 
Weather Bureau publications on this subject. The first 
one, Weather Forecasting in the United States, issued in 
1916, is out of print. The method of treatment in the 
resent work differs somewhat from that followed in the 
t of the series. The subject, as every one knows, is 
difficult of treatment because of the limitations in size 
and the number of the charts that may be reproduced. 


The first work contained about 160 charts, the second | 


has but 23 but with these last-named are presented the 
daily forecasts for each State in the Union together with 
a statement of the guiding principle, or principles, in 
mind in each case. No doubt the average reader would 
like to have had these principles developed at greater 
length, but to have done so would have made the publi- 
cation interminably long and wearisome in the reading. 
The aim has been to give just enough of a suggestion for 
the groundwork of the forecast to excite the curiosity of 
the reader for more, in the belief that it is only by inten- 
sive study of the problem that a clear understanding 
will be reached. ; 

There is included in the publication a brief history of 
the beginnings of weather forecasting in this country, thus 
filling a gap in the history of the Federal Weather Service 
that would be difficult to supply in future years. 

The publication the full title of which is Miscellaneous 
Publication No. 71, U. S. Dept. Agri., can be obtained 
from the Superintendent of Documents, Government 
Printing Office, Washington, D.C., at the price of 20 cents 
the J. H. 

P. R. Gast on a Thermoelectric Radiometer for Silvical 
Research, review by H. H. Kimball—The author lays 
down the following requirements: 

1. It should be sensitive to radiation between the limits 
X 0.294 to 2.5u, which embraces practically the entire 
wave-length range of energy received at the surface of 
the earth from the sun. 

_ 2. It should be capable of measuring radiation intensi- 
tives over the wide range from the lowest intensities in 
the forest to full sunlight. 


1A Thermoelectric Radiometer for Silvical Research, by P. R. Gast. Harvard 
Forest Bull. No. 14. 76 pp. 25 figs. Harvard Forest, Petersham, Mass. 1930. 


3. The sensitivity must be inherent in the instrument, 
which must be fully and equally sensitive to rays coming 
from all directions, or it must be possible to amplify the 
registration. 

4. It must be nonselective for different wave lengths. 

5. The readings of the instrument must be capable of 
being expressed in terms of fundamental units of measure, 
such as gram-calories per unit of area and time. 

6. It must be possible to use the radiometer with a 
recorder of simple and rugged construction. 

After trying out 11 devices using different types of 
receivers and methods of temperature measurements, it 
was decided to use the nonselective heating method and 
to register the temperature changes by means of thermo- 
electric effects. The spherical hot-junction thermopile 
was found best adapted to the requirements specified in 
paragraphs 1 to 6, above. 

In the illustrations of this thermopile, given in the 
paper, there are five spherical hot junctions consisting of 
nickel-silver beads 0.1 inch in diameter to which con- 
stantan and iron wires are spot welded. The cold junc- 
tions are disks of pure nickel 0.2 inch in diameter and 
0.02 inch thick to which the thermocouple wires are also 
spot welded. The cold junctions are shielded by mount- 
ing them between annular shields of mica, which are 
blackened on their inner surfaces but bright (or white) 
on their outer surfaces. The hot junctions are coated 
with lampblack. The thermopile is then mounted on 
the stem of an electric lamp, baked in an electric oven, 
and sealed in an evacuated electric-lamp bulb. Thus 
mounted the iron wire does not rust, and the durabilit 
and sensitiveness of the thermopile is greatly increased. 

It was customary in field work to connect three of 
these thermopiles in series at each point where measure- 
ments were desired and connect them with a recording 

alvanometer capable of recording the indications for 
our different points or stations on one record sheet. 

Discussing the thermopile data for the year 1925, the 
author remarks: 

In the first place it may be noted that the maximum total daily 
values are obtained in July and August. This is not in accord 
with the calculations of Kimball (1919) whose data indicate the 


probability of maxima in May and June. The explanation of the 
difference is apparently due to Kimball’s use of vapor pressure 
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and not relative humidity in determining the probable ftansmission 
of the atmosphere. The use of vapor pressure as a criterion pre- 
dicts the probability of clear skies; the use of relative humidity 
predicts the probable duration of cloudy weather and the probable 
radiation absorption in the clouds. A study of the data presented 
by Piipo (1928) confirms this analysis. 


If the author will consult graphs in ¢ nw 1 and 2, 
pages 157 and 158, Monruiy WeaTuHer Review, April, 
1927, which are based on records by automatic instru- 
ments at widely scattered stations, I think he will be con- 
vinced that as a rule the maximum daily totals of solar 
radiation received on a horizontal surface in the open 
occur in June. This is a rule to which there are excep- 
tions, and does not necessarily apply to measurements 
made with the spherical hot-junction pyrheliometer under 
the forest canopy. 

The results of this important study are summarized in 
the author’s conclusions which follow: 


It appears that there has been a sound physical reason for em- 
pirical attempts to develop scales of tolerance. While “light” 
has for many years been stressed as the important factor in silvi- 
cultural operations, looking to the regeneration of the forest, the 
recent decade has seen the pendulum swing far in the other direc- 
tion. Foresters in the United States have tended to minimize 
the importance of radiation. 

This tendency was doubtless because most of the intensive 
fundamental research has been in regions where the small yearl 
precipitation or the low summer rainfall pointed to available soil 
moisture as the limiting factor (Bates and Zon, 1922). 

But where rainfall is well distributed and on the less meager soils 
in New England, it is possible to overemphasize the importance of 
soil moisture in the growth and development of trees. Several 
years’ observations with an apparatus which gives a truer record 
of the total radiation than any previously used show that over and 
above the deviations in growth which are due to seasonal water 
supply the relation of growth to total radiant energy remains 
constant and conspicuous. 

Therefore the attempt to develop successful methods of control- 
ling natural reproduction must continue primarily to consider the 
reaction of germination, growth, and development to the total 
radiation that reaches the forest floor. 

Dr. Feliz M. Exner, 1876-1930.—In the peaceful passing 
of Doctor Exner on the morning of February 7 there was 
lost to meteorology one of its most distinguished investi- 

ators, to German meteorologists a highly honored col- 
eague, and to a narrower circle a most sincere friend. 
Intimate friends had sorrowful knowledge that a physical 
ailment was slowly sapping his health, but none was pre- 
pared for a departure so sudden. 

The end came in his beloved Vienna where he spent 
almost all of his life of 54 years. Here he completed 
grammar school, began and ended his university studies, 
and entered (1900) as assistant in the Zentralanstalt fir 
Meteorologie und Geodynamik, to whose directorship he 
was named (1917) as successor to W. Trabert., 

Doctor Exner’s scientific activity was intimately con- 
nected with the development of modern meteorology. 
He was a self-taught meteorologist, in the sense that his 
university studies dealt exclusively with mathematics and 
physics. Since he did not avail himself of the teaching 
of Hann and Pernter it is to be concluded that he had no 
inner urge toward meteorology, but rather felt that a 
young physicist well grounded in mathematics would find 
in meteorology a wide field for activity. 

Doctor Hann was probably amazed at this new meteor- 
ologist who was unacquainted with the simplest meteor- 
ological facts, but Exner demonstrated what may be 
accomplished when one well qualified in mathematics and 
physics enters the field of meteorology. 

At first he did not feel entirely at home in the scientific 
atmosphere of the office; Hann’s ideas ran along economic 
and statistical lines and Margules was given to extremely 
strict theoretical treatment of problems whose significance 
could not be apprehended by a meteorological novice. 
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From the beginning, therefore, Exner set out on a new 
path, the theoretical development of synoptic meteorolo 
which appeared to him to hold the chief problem of 
meteorology—the prediction or, indeed, the precalcula- 
tion of future weather. In his first works he made the 
attempt, but little satisfactory, to calculate future pres- 
sure distribution from given or present distribution. 
The fruitful combination with Margules’s line of thought 
resulted when he began to take into consideration tem- 
perature conditions and temperature changes. 

Doctor Exner carried on a life-long struggle with the 
problem of the origin, movement, and transformation of 
the cyclone, and the fact that in this he often changed the 
basic conception is proof of the difficulty and ambiguity 
of that problem. Of Exner’s work in the field of dynamic 
meteorology it can be said that the chief advance relative 
to Margules’s work lies in the fact that the former con- 
sistently attempted to dovetail the results of theoretical 
speculation in to the practice of synoptic meteorology. 
In this he was like Bjerknes, although not always in agree- 
ment with that leader in theory. 

A summarization of acquired knowledge was given by 
Exner in his Lehrbuch der dynamischen Meteorologie, and 
through this he became the teacher of the younger gener- 
ation of meteorologists far beyond the limits of Germany. 
In addition to the dynamic problem he gave attention to 
meteorological optics, mainly for the reason that the 
Lehrbuch der meteorologischen Optik begun by Pernter 
had to be completed after that writer’s death. In a very 
brief time, he familiarized himself with this new field 
and in this work attracted much interest to that long 
neglected subject. 

It is not so well known that Exner was the first German 
investigator to recognize the significance of the corre- 
lation method not only in meteorology, but also in many 
fields of applied mathematics. The conviction that, in 
all probability, one could never obtain the basis for long- 
range prediction along the line first followed led him to 
approach the problem through correlation, and in this 
he showed the capability, not natural in a theorist, of 
handling an immense amount of data. His concern with 
such questions convinced him that in the handling of this 
problem of great practical importance the creation of an 
international institution for investigation is an uncon- 
ditional necessity. 

Although not a theorist of the strictest type, as Mar- 
gules, he was, especially in his younger days, very averse 
to meteorological works that did not use differential 
equations. So, at first, he was not very kindly disposed 
toward climatology, but at the beginning of his corre- 
lation studies it became clear to him that the numerous 
tables published by Hann in the Meteorologische Zeit- 
schrift were of value, to be sure, as data only. 

After the death of Doctor Hann the work of coediting 
the Meteorologische Zeitschrift was assumed by Exner. 
This was an activity not in keeping with his nature and 
it did not give him very great pleasure. At that time the 
scope of the journal had to be limited for financial reasons, 
and the assistance given by numerous meteorologists in 
other countries was due in no small part to Exner’s 
prestige in the professional world. 

Soon after the close of the World War Doctor Exner 
was named on the International Meteorological Com- 
mittee and on different commissions of that organiza- 
tion. He was given membership in the Akademie der 
Wissenschaften (Vienna), elected to honorary member- 
ship in the Royal Meteorological Society in 1925, and 
the Preussische Akademie der Wissenschaften. In 1922 
the Berlin University proposed him as successor to Doctor 
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Hellmann in the direction of the Preussisches Meteoro- 
logischen Institut, but on account of his dislike for 
excessive administrative duties he remained director of 
the Osterreichische Zentralanstalt fiir Meteorologie und 
Geodynamik and professor of Physik der Erde at the 
University of Vienna. 

His life was rich—in labors, in results, in friends.— 
Abstract from Meteorologische Zeitschrift, March, 1930, 
by W. W. Reed. 

Investigations of the ‘“‘ Vega,” summer 1929, by Leonard 
R. Schneider.—In the Vega number of YMER, vols. 1 
and 2, 1930, J. W. Sandstrém gives in an article ‘Den 
Svenska Ishavsexpeditionen, 1929,’’ the first summary 
of the outstanding events and scientific results of the 
Swedish expedition which spent June, July, and August 
of the summer of 1929 in the Greenland and Barents 
seas collecting meteorological and hydrographical data. 
Eighteen pages of the article describe how the expedition 
was got under way and what was accomplished along 
various parts of the voyage. Another 11 pages describe 
some of the kinds of ice encountered and in this discussion 
explanations are given for some of the peculiar formations. 
The remaining 14 pages have to do mostly with the 
meteorological problems. 

But by far, the most interesting and instructive parts 
of the article are the graphs which show the results of the 
meteorological investigations and the most outstanding 
of these deserve a word of explanation. One graph for a 
20-year period from 1874 to 1894 shows that when the 
air temperature in February is warm at the west coast of 
Norway, the time for opening of work in April, in the 
Uppsala, Sweden, district, is comparatively early. When 
the temperature is cool in Norway, the opening of the 
season is several days later. In another investigation it 
is shown that a pressure difference of 20 millimeters be- 
tween Iceland and the Azores may cause either of two 
distinct types of weather over Europe. The chief features 
of these are shown in the graphs of the four main weather 
types of Europe for the winter months December, Jan- 
uary, and February during the years 1900 to 1910, and 
all these may be summarized by the statements which 
have appeared in the Meteorologishe Zeitschrift, Novem- 
ber, 1926, but which are again given here. They are as 
follows: 

1. Westerly wind at Lofoten between N. 50° W. and 8S. 70° W- 
gives a warm northern and a cold southern Europe. - 

2. North-northeasterly wind at Lofoten between N. 10° E. and 


N. 40° E. together with east-southeasterly wind at Lofoten be- 
tween 40° E. and S. 80° E, give a cold north and a warm south 


Europe. 

3. Bouth wind at Lofoten between S. 30° E. and 8. 40° W. gives 
a cold Europe and a warm Atlantic. 

4. East-northeasterly wind at Lofoten between N. 50° E. and 
N. 80° E. gives a warm Europe and cold Atlantic. 


A graph of especial significance shows the sea water 
surface temperatures. By drawing lines across the num- 
ber of meridians which represent the temperatures of 
the water, the author has been able to show in graphic 
form the temperature for each observation. Temperature 
above zero appear to the right and those below zero 
appear to the left of the line marking the course of the 
vessel. Although the Gulf Stream was crossed in all 
four times, the increased warmth due to the lateness of 
the season during the last crossing from the 30th to the 
24th of August is striking, the temperatures being per- 
haps more than a degree warmer, though the course 
lay farther north. Still another graph shows the vertical 
water temperatures to a depth of 100 meters. With a 
careful examination of this full page graph one is able to 
find his way about, but it appears gs if too much has been 
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crowded onto one page to make it have a very great 
significance. An enlarged graph of the July 4 to the 9 
crossing is however, quite clear and in this the Gulf 
Stream’s western limit is plainly at 0° longitude and 72° 
N. latitude, the water being warmest at 14° E. longitude, 
and 70° N. latitude with temperature of 9° C, The 
graph of the wind direction and force, cloudiness, air 
temperature, precipitation, and days with fog, also puts 
too much information onto one map, still, the facts are 
there for’*those who are interested in digging them out. 
In all, 17 graphs and 25 photographs, some of which are 
interesting, are included in the article. 

Panter Corneliussen, skipper of the expedition’s 
vessel, says about the weather of the region, the result of 
25 years’ experience in Arctic seas: ‘‘When there is fine 
weather in the Arctic Sea there is bad weather in northern 
Norway, and vise versa.”” The author explains this by 
saying that when the warm Gulf Stream lies near Norway, 
the ascending currents over it give rise to rain and cloudy 
weather, but when the edge of the pack ice is farther 
west and the Gulf Stream is able to spread farther west- 
ward, then the region of rainy weather is farther westward 
and the Norway coast region becomes a region of descend- 
ing air, hence fine weather prevails there. In a somewhat 
similar manner the author explains the cold European 
winter of 1928-9. In this case the heated air rose over 
the exceptionally warm Gulf Stream, spread out at high 
levels, and then descended over the northern pact of the 
continent, the descending air giving clear skies and con- 
sequently cold nights to bring about a general lowering 
of the temperature. 

As a summarizing statement the reviewer agrees with 
Mr. Sandstrém that more numerous and even more com- 
plete investigations of the Gulf Stream need to be carried 
out before definite conclusions relating to the problems 
of forecasting the weather of Europe can be settled, but 
the reviewer is led to ask the question, why not carry on 
the investigations nearer the source of the Gulf Stream? 


Geological climates,' by G. C. Simpson, C. B., F. R. S.— 
The meeting of the Royal Society on March 27 was 
devoted to a discussion of the subject of geological 
climates, which brought out several points of great 
interest, and showed that the conflict of view, though 
still considerable, is less direct than it was some years 
ago. In opening the discussion, Dr. G. C. Simpson 
defined the problem from the point of view of a meteor- 
ologist, and. laid down some fundamental principles 
with which all reconstructions of past climates must 
conform. He pointed out that the earth being approxi- 
mately a sphere rotating on an axis inclined at an angle 
of about 66%° to the plane of the ecliptic, there must 
always have been climatic zones in which the mean 
annual temperature decreased from the equator to the 
poles, and there must always have been summer and 
winter. 

Doctor Simpson then passed to the conditions existin, 
at present, and showed that in spite of the great dif- 
ferences in the land and sea distribution of the two 
hemispheres, the mean annual temperatures of corre- 
sponding latitudes between the Equator and 70° nowhere 
differ by more than 3° C. From this he drew the con- 
clusions that the mean temperature in any latitude is 
almost entirely independent of the distribution of land 
and water, and that the mean temperature of corre- 
sponding latitudes is always the same in both hemi- 
spheres. Hence it is impossible to explain great changes 
of climate in geological periods by means of changes 


1 Reprinted from ‘‘ Nature,’’ London, Apr. 5, 1930. 
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in the distribution of land and sea. The reason is that 
the gradient of temperature from Equator to Poles 
is controlled by the strength of the atmospheric circu- 
lation; an increase of the gradient is automatically 
followed by a strengthening of the circulation, and more 
heat is carried from the equatorial to the polar regions 
until the balance is restored. The supposition that 
large ice sheets could exist at sea level in the Tropics, 
while tropical conditions prevailed in middle latitudes 
of the northern hemisphere, is quite untenable. The 
only way in which major climatic changes could be 
brought about was by changes of solar radiation, and 
these had more effect on the cloudiness and precipitation 
than on the temperature. Extensive changes of mean 
annual temperature could only be brought about by 
movements of the crust relative to the poles, in the 
manner described by Wegener. 

The subsequent discussion turned mainly on two 
points, the a of fossil plants and animals as indices 
of past climates, and the power of changes in the dis- 
tribution of land and sea to modify the zones of tem- 
perature and introduce major climatic variations. Prof. 
A. C. Seward said that the climatic value of fossil floras 
has been greatly overestimated in the past, and there 
is now no justification for speaking of the climate of the 
earth as having been uniform or of high northern lati- 
tudes as having been tropical. It is not possible to 
infer the climate from a study of extinct genera or 
even species, because to-day allied species often live 
under quite different climatic conditions. Moreover, 
in the course of ages, plants may have altered their 
constitution as they passed from youth to senility. 
New plant types frequently originate in Arctic regions 
and spread southward, while in high latitudes they 
are driven out by the competition of later types, but 
this does not necessarily imply a change of climate. 
The vegetation of past ages was more uniform than 
that of to-day, but the uniformity has often been exag- 
gerated, because the early floras consisted sallendanly 
of gymnosperms, which resemble each other much more 
closely than do flowering plants. There is no justifi- 
cation for the assumption that the vegetation of the 
coal measures was tropical; on the other hand, the 
presence of glaciers does not necessarily imply tem- 
peratures at freezing point, for glaciers in New Zealand 
still end among vegetation of subtropical aspect. 

Prof. J. W. Gregory illustrated another difficulty in the 
interpretation of fossil floras by showing how a coal bed 
may be in process of formation in Jan Mayen at present, 
the material being supplied by timber drifted from 
Siberia. 

Sir Peter Mitchell agreed with Professor Seward 
that the climatic value of fossils has been overestimated, 
since animals have power to adapt themselves to chang- 
ing climatic conditions. He added that for animal 
life the range of temperature is more important than 
the annual mean, and the annual range is closely 
dependent on the distribution of land and sea. 

hese modifications of the former claims of palaeon- 
tologists concerning past climates represent a great 
advance toward the meteorological view of the perma- 
nence of climatic zones, put forward by Doctor Simpson. 
The gap is not entirely bridged, however, for several 
speakers expressed the opinion that while there must 
always have been zones of temperature, Doctor Simpson 
has underestimated the possible effects of changes in the 
distribution of land and sea. Professor Gregory referred 
to a dietum by Lord Kelvin, that if the greater part 
of Europe, Asia, and North America were submerged 
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beneath the sea, the Arctic Ocean would be free of ice, 
and an island at the north pole would have a mild climate. 
Dr. C. E. P. Brooks referred to investigations by Professor 
Kerner and himself which led to the same conclusion, 
and described the transfer of heat by ocean currents, 
especially in the Atlantic. He pointed out that the 
North Atlantic between 30° N. and the Arctic Circle is, 
on the average, about 5° C. warmer than the South 
Atlantic between 30° S. and the Antarctic Circle. This 
difference is almost entirely due to the fact that two- 
thirds of the warm equatorial water is carried into the 
North Atlantic by the Gulf Stream and Antilles Current. 
In many of the geological periods the distribution of 
land and sea, according to the usual palaeogeographical 
reconstructions, was such that the whole of the warm 
equatorial water was diverted into the northern hemi- 
sphere, and he argued that under such conditions the 
oceans of the northern hemisphere must have been 
much warmer than those of the southern hemisphere, 
and the thermal equator must have been well to the 
north of the geographical equator. Finally, Dr. C. 
Tate Regan described the distribution of fresh water and 
marine fishes during the Cretaceous and Eocene, which 
does not fit in with the drift of the continents as inferred 
by Wegener. 

The general result of the discussion may be summed up 
by saying that the geological changes of climate have 
not been so great as was at one time supposed; but 
there is not yet any agreement as to whether they were 
small enough to be accounted for by ordinary agencies, 
or whether they were on a sufficient scale to necessitate 
an appeal to movements of the continents relative to 
the poles. 

Solar eclipse April 28, 1930, at Havre, Mont., by Franx 
A. Maru.—The eclipse of the sun forecast by astronomers 
for April 28, 1930, was distinctly visible at Havre, Mont. 
Under a bright, clear sky with only a few strato cumulus 
clouds near the horizon and a few cirrus in the zenith 
from 9:40 a. m. the first contact appeared on the sun 
about 11:05 a. m. The observations were made by 
naked eye through smoked glass or old negatives of film. 
The sun was steadily darkened until 12:40 p. m., when 
only a tiny crescent was observed through the glass. It 
was estimated that about 95 per cent of the sun was 
shut from view. For 10 or 15 minutes during the darkest 
part of the eclipse a pale, weird, steel-blue light was seen 
casting peculiar shadows with needlelike or woolly edges. 
A faint corona appeared around the sun. .The cirrus 
clouds near the zenith turned a blue color. Birds went 
to roost. After 12:45 p. m. the sun began to brighten 
again. The eclipse was diminishing. The last contact 
on the sun was seen at 1:58 p. m. 

The meteorological aspects of the eclipse were the 
shutting off of sunlight. The station sunshine recorder 
stopped registration at 11:52 a. m. and continued off 
until 1:24 p. m. The temperature, which had risen 4° 
to 5° steadily from 7 a. m., reached 58.8° at 11:35 a. m., 
when it began to gradually fall to 55.9° at 12:40 p. m., 
a drop of 2.9° in 65 minutes, an unusual occurrence at 
that hour under a clear sky. The sensitive effect of the 
temperature fall was very noticeable, as we should nor- 
mally have had a rise of about 5° during that interval. 
Most persons in this city believed that the fall was 
10° or 20°. They were disappointed to learn that the 
thermometer readings showed only 2.9°. 

A smoked glass was placed over the theodolite lens and 
readings taken of the sun during the eclipse. The read- 
ings showed that the sun moved in azimuth from 150° 
to 202°, with zero setting on north. At Havre, Mont., 
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true solar noon on April 28 occurs at 12:16 p. m., one- 
hundred and fifth meridian standard time, at which mo- 
ment the altitude of the sun read 55.5° and the azimuth 
180°. | 
Severe drought at Washington, D. C., April-May, 1980.— 
During the period April 18-May 14, 1930, no measur- 
able rain fell at Washington, D.C. The longest drought 
hitherto experienced was that of September 30-October 
26, 1924, or a single day longer than the first-mentioned. 
October, 1924, was exceptionally dry in the eastern half of 
the country; in some sections it was the driest month of 
that name for 100 years, the single exception being Florida 
where abundant rains fell. 

The drought under discussion was one of the most 
severe spring droughts ever experienced. Asshown by the 
Weekly Weather and Crop Bulletin of May 6, 1930, the 
month of April as a whole was exceptionally dry in 
the Gulf States, the Ohio Valley and Tennessee, and in 
the Atlantic States north of Georgia. 

The visible cause both of the 1924 fall drought and the 
1930 spring drought was the same in the larger features, 
viz, the predominance of anticyclones that descended 
from higher latitude and the consequent blocking of the 
eastward movement of cyclonic storms having their origin 
westward over the Plateau and Rocky Mountain regions. 
This effect was augmented by the anticyclonic conditions 
over the western Atlantic which spread to the westward 
over the southeastern States. In the 1924 drought not a 
single cyclonic storm crossed the Lake region and passed 
down the St. Lawrence Valley, but in the 1930 drought 
several cyclonic storms passed to the eastward over the 
St. Lawrence Valley; the rainfall from them was, however, 
light and spotted in distribution. Thus Baltimore, Md., 
only 40 miles east-northeast of Washington, received 
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showers on April 21, 1929, and May 3, aggregating 0.16 
inches, and Richmond, Va., about 110 miles south, re- 
ceived two showers totaling but 0.10 inch. The drought 
was broken on May 14 by general rains over the whole of 
the droughty region. Curiously enough, the direct cause 
of the breaking of the drought was an active anticyclone 
whose front had reached Manitoba, just north of Lake 
Winnipeg, on May 12. This anticyclone caused a rather 
vigorous cyclone, centered on the morning of the 12th 
over the valley of the Red River of the North, to 
change its course to the eastward and eventually to move 
across Lake Michigan, giving off a secondary over the 
upper Ohio Valley that produced general rains in the 
droughty regions. 

Study of this and previous droughts leads to the 
conclusion that there is a definite rain shadow east of the 
Appalachians when rain-producing storms come from the 
west and = down the St. Lawrence Valley—A. J. H. 

Meteorological summary for Chile, March, 1980 (by 
J. Bustos Navarrete, Observatorio del Salto, Santiago, 
Chile).—With March there came increased activity in 
the atmospheric circulation over the Pacific Ocean; this 
was accompanied by a marked increase in rainfall in the 
south. Mean temperatures were rather high in the 
central zone of Chile. 

The most important anticyclones were charted during 
the following periods: 3d—4th, 11th-13th, and 17th—20th. 
All of these nicHs moved from southern Chile toward 
Argentina. 

he depressions causing unsettled weather and rains 
in the southern area were mapped during the following 
periods: 6th-7th, 9th-12th, 13th-14th, and 26th-28th. 
n all periods the path was across the extreme southern 
by W. W. R. 
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RECENT ADDITIONS 


The following have been selected from eg, the titles 
-of books recently received as representing those most 
likely to be useful to Weather Bureau officials in their 
meteorological work and studies: 


Angstrom, Anders. 

Measurement and registration of the outgoing effective tem- 
perature radiation. Stockholm. 1929. 6 R 22. cm. 
(Arkiv. fér mat., astron. och fysik. Bd. 22 B. .N:o 1.) 

Statistics and meteorology. p. 228-234. 24% ecm. 

Baur, Franz. 

Das Klima der bisher erforschten Teile der Arktis. p. 77-89: 
110-120. figs. (fold.) 28cm. (Sonderab.: Arktis. 
Jahrg. 1929. . 3-4.) 

Bennett, A. B., jr. 

Forecasting the weather. [Washington, D.C.] [1918.] 16 p. 

figs. 23 cm. 
Bignell, L. G. E. 

Does rainfall increase in oil fields? v. p. illus. 34% cm. 

(Extr.: Oil & gas journ. Oct. 31, 1929.) 
Conference of empire meteorologists. Agric. sec. 

British agricultural meteorological scheme. Observers’ hand- 

book. London. 1929. 34 p. figs. plates (part fold.) 


Report. 1. 1929. London. 1929. 16 p. 25 em. 


Den kemiska denudationen i Sverige. La dénudation chimique 
en Suéde. Stockholm. 1929. 96 _ p. figs. 31% cm. 
(Med. Stat. met.-hydrog. anstalt. Bd. 5. :0 3.) 

Fujiwhara, S. 

On the behavior of lines of discontinuity, cyclones and typhoons 
in the vicinty of Japan. p. 120-131. figs. 26 cm. 
Repr.: Geophys. mag., v. 2, no. 2, 1929.) 

Galtsoff, Paul S. 

Destruction of oyster bottoms in Mobile Bay by the flood of 
1929. Washington. 1930. p. 741-758. fig. plates (fold.) 
23% cm. (Appen. 11 to report U. 8. comm. fish. 1929.) 


G le, John. 
xtremes of rainfall over the British Isles. 9 p. ee 24% 
circular Brit. waterworks assoc. No. 81, 
Jaumotte, J. 


Sur le mouvement des masses d’air dans |’atmosphére. 
Bruxelles. 1930. p. 1018-1055. figs. 25%em. (Acad. roy. 
Belg: Extr.: bull. cl. sci. Séance du 7 déc. 1929. 5e sér. 
T. 15.) 

Kopp, W. 
Wetterkarte fiir den meteorologischen Unterricht. Berlin. 
n.d. 26p. illus. 30 cm. 

McEachron, K. B. 

Thyrite, a new material for lightning arresters. 5p. 614 cm. 
(Paper read before A. I. E. i. mid-winter convention, 
New York City, Jan. 27-31, 1930.) 

Meinardus, Wilhelm. 

Die raumliche und zeitliche Verteilung der Beleuchtung in den 
Polargebieten. 6p. plates (partfold.) 27%cm. (Sonde- 
rab.: Geogr. Anzeiger. Jahrg. 1930. H. 1.) 

Mercanton, P. L. 

La température du sol & Lausanne (Champ-de-l’Air) & un 
métre de profondeur, de 1898 4 1918. Lausanne. 1929. 
P. 33-37. fig. 24%cm. (Bull. de la soc. vaud. des sei. nat. 
v. 57 no. 223. 1929.) 

National research council. Div. geol. & geogr. 

Report of the committee on submarine configuration and 
oceanic circulation. April 27, 1929. (Appendix E of 
annual report of division.) 2, 50 p. 28 em. 

Schmidt, Wilhelm. 

Meteorologische Feldversuche iiber Frostabwehrmitiel. Wien. 
1929. 43 p. figs. 30% cm. (Anhang zu den Jahrb. der 
me fiir Met. und Geod. Jahrg. 1927. Pub. Nr. 
135. 


Theaman, John R. 
Book of excessive rainfall records. Indianapolis. 1929. 
unp. 21 cm. 
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SOLAR OBSERVATIONS 


SOLAR AND SKY RADIATION MEASUREMENTS DURING 
APRIL, 1930 


By Hersert H. Kiwpatt, Solar Radiation Investigations 


For reference to descriptions of instruments and ex- 
posures, and an account of the method of obtaining and 
reducing the measurements, the reader is referred to this 
volume of tha Review, page 26. 

Table 1 shows that solar radiation intensities averaged 
slightly below the normal intensity for April at all three 
stations. 

Table 2 for March shows an excess in the total radia- 
tion received on a horizontal surface at Washington, 
Madison, Lincoln, Chicago, and Twin Falls, and a defi- 
ciency at Fresno and La Jolla. For April there was aslight 
deficiency recorded at Washington, Lincoln, and La Jolla, 
and an excess at Madison, Chicago, and Twin Falls. 


1.—Solar radiation intensities during April, 1930 
(Gram-calories per minute per square centimeter of normal surface] 
Washington, D. C. 


Sun’s zenith distance 


-| 78.7° | 75.7° 0.0° | 60.0° 78.7° 


70.7° | 60.0° 


Skylight polarization measurements obtained on eight 
days at Washington give a mean of 46 per cent and a 
maximum of 60 per cent on the 9th. These are — 
below the corresponding averages for April at Washing- 
ton. At Madison measurements obtained on 11 days give 
a mean of 58 per cent with a maximum of 70 per cent on 
the 8th. These are close to the corresponding averages 
for April at Madison. ; 


Tasie 2.—Total solar radiation (direct + diffuse) received on a hori- 
zontal surface 


(Gram calories per square centimeter} 


Average daily totals 
[=| 
Week beginning | | 3 
2 
1930 
Aut 339 | 518 | 550 393 |...-| 285] 525 423 | 560 421 
455 | 341; 430 409 |...-| 332 380 | 569 411 
327 | 296 333 240 |....| 269) 519 561 | 614 475 
478 | 475) 261 407 |....| 276) 605 491 | 576 
De from weekly normals 
—48 |+134 |+124 | +106 +39 | +32 
ASE, —87 |—103 | —98 +96 | +20 +22 
+56 | +45 |—199 —41 | —56 —10 
accumulated de- 
ures on Apr 
—371 |—112 |—490 |+2, 289 261 |—799 |—2, 401 
LATE REPORTS, MARCH, 1930 
1 
290 | 405 210 |...) 150 | 420 266 329 
260 | 309) 380 220 |....| 236) 367 314 400 339 
ae 369 | 336) 3651 220 |..-.| 258 382 296 
398 | 283) 360 226 |....| 292| 476 511 402 
386 | 424) 504 223 254 | 483 447 1 378 
Departures from weekly normals 
+3 | +12) + +27 | —80 
—56 | +14 | +26 WER +34 | +35 +4 
+41 | +13 | —21} 410 —10| —23| —40 
+38 | —42 | —43 +87 | +39 +28 
Mar. 26...........- +33 | +57 | +04) —15 +102 | -24| —29 
Accumulated de- ” 
parture on Apr. 1.|—210 +623 | +742 |.... +1, 911 |—792 |—2, 212 


POSITIONS AND AREAS OF SUN SPOTS 


(Communicated by Capt. V. K. Coman, Acting Superintendent U. S, Naval Observa- 
tory. Data furnished by Naval Observatory, in cooperation with Harvard, Yerkes, 
Perkins, and Mount Wilson Observatories. The differences of longitude are measured 
from central meridian, positive west. The north latitudes are plus. Areas are cor- 
rected for foreshortening and are expressed in millionths of sun’s visible hemisphere. 
The total area, including spots and groups, is given for each day in the last column] 


Apr. 4 (Naval Observa- il 5 
tory). 


Apr. 5 (Naval Observa- ll 13 
tory). 


Heliographie Area Total 
Date aaa for 
civ 
Diff. | Longi-| Lati- each 
time | jong. | tude | tude | SPt | Group) Gay 

Apr. 1 (Naval Observa- 11 43 | —79.5 | 307.3 
tory). —28.0| 358.8 
—4.0 22.8 
+37. 0 63.8 
+37.0 63.8 
Apr. 2 (Naval Observa- 10 58 | —68.5 | 305.5 
tory). +10.5 24.5 
+52.0 66.0 
+65. 0 79.0 
Apr. 3 (Mount Wilson)._| 13 0 | —56.0} 303.6 
—9.0 | 350.6 
+26. 0 25. 6 
+69. 0 68. 6 
+76.0 75.6 
5 | 305.0 
0 27.5 
0} 258.2 
5 | 264.7 
5 | 305.7 
0 28.2 


; 

4 

| 

Date 75th Air mass Local 
time 
A.M. P.M. time 
e. | 50 | 40 | 30 | 20 |110| 20 | 3.0 | 40 | 50 | 

0.53) 0.73} 1.13] 0.86) 4.37 

2 1.05) 1.16) 1.28) 1.48) 1.10, 1.78 

Apr. 3.99) 0.47' 0.62) 0.75......| 276 

< Apr. 4..........| 3.81)......| 0.72 O81] 112) 1.42) 4.57 

Lincoln, Nebr. 

| | 

Apr. 1.06} L106 0.93] 0.79 071 

(0.88)] 1.00} 1.20) (1.49)| 1.11 0, 92| (.84)] 

Departures. +0. 04]+-0. 02|—0. 06 —0. 06/—0. 01/0. 03]. 
1 Extrapolated. 


Hoses 
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Positions and areas of sun spots—Continued Positions and areas of sun spots—Continued 
hi 
Heliographic Area Total Heliographic Area Total 
standard standard area, 
civil | pis. | Longi-| Lati oom civil | | Longi-| Lati 
3 - - -| Lati- each 
time | jong. | tude | tude | SPt | Group! Gay time | jong. | tude | tude | SPot | Group| Gay 
hm ° ° ° hm ° ° ° 
Apr. 6 (Mount Wilson)--| 18 15 | —60.0 | 257.2 | +16.0 (Naval Observa- 12 1) —66.5 95.7 | —11.0 
—53.0 | 2642) —7.0 —48.0 |} 114.2 | +27.5 
—29.0| 288.2) +9.0 +56.0 | 218.2) +15.0 
—7.0} 310.2 | +13.0 620.) +70.0 | 232.2) —11.5 ths 53 
+69. 0 26.2; —5.0 346 907 
Apr. 19 (Mount Wilson).._ 12 0| —55.0 04.0 | —13.0 j......-. 
—4i1. ~~~» .0} 179.0 | +140 g 105 
—19.0 | 289.1) +8.0 
—0.5 | 307.6 | +13.0 (Yerkes Observa- ll 52) —56.5 92.6 | —12.0 
+80. 5 28.6; —5.0 732 y). —55. 5 93.6 | —13.5 Bir 
Apr. 8 (Naval Observa- 11 38} —61.5| 232.9) —7.5 —37.5 | 111.6 | +28.0 131 
tory). —37.0| 257.4 | +15.0 
13.5 | 307.9 | +12.5 401 543 (Naval Observa- 10 54 | —40.5 95.9 | —12.5 
Apr. 9 (Naval Observa- 10 53 | —62.0); 219.6 | +140 43.5 | 179.9) +15.0 108 
. tory). | 234.1) —8.0 
—41.0| 240.6 | +12.0 Apr. 21 (Naval Observa- 10 51 | —30.0 93.2 | —12.0 
—20.5 | 2611) +15.0 —10.5 112.7 | 427.5 |........ 
29.5 +120 439 +56.0 | 179.2) +15.0 59 
Apr. 10 (Naval Observa- ll 7} —49.0| 219.3 | +140 Apr. 22 (Naval Observa- 11 30} —89.0 20.6; —6.0 
tory). —35.0 233.3 | —7.0 |-.-----. tory). —17.5 92.1 —11.5 182 
—8.0} 260.3 | —11.5 
—6.5 | 261.8 | +15.0 Apr. 23 (Naval Observa- ll 21 | —76.5 20.0 | +12.5 
310.3 | +120 521 —-1.0 95.5 | —12.0 
+60.0| 1565) —6.0 206 
Apr. 11 (Naval Observa-| 11 2/ —38.0} 217.2 | +13.5 |---..--- 
tory). —20.5 | 2347) —7.0 |-.--.--- Apr. 24 (Naval Observa-| 11 00| —61.0/ 22.5] +13.0 
+6.0} 261.2 | +15.0 tory). —52.5 31.0} —6. 216 
+55.0} 310.2 | 593 
Apr. 25 (Naval Observa- 10 59 | —47.0 23.3 | +12.5 
Apr. 12 (Naval Observa- ll 27 | —25.0| 216.7 | +140 tory). —39.0 31.3) —6.0 
tory). —7.5 | 2342! —7,§ |-----.--. +7.5 77.8 | +9.0 
+17.0 | 258.7 | +15.0 |.------- | 2 +30.0 100.3 | —12.0 230 
+67.5 | 309.2 | +120 639 
Apr. 26 (Naval Observa- 10 54 | —57.0 0.1} —4.0 
Apr. 13 (Naval Observa- —51.5]| 177.2 15.5 _k tory). —35.0 22.1 | +13.5 
tory). —11.5| 217.2 | 414.5 —26.0| 31.1} —60; 201 
+32.0 | 260.7 | +145 +42. 5 99.6 | —12.0 262 
Apr. 27 (Naval Observa- 10 6| —21.5 22.8 } +13. 5 
Apr. 14 (Naval Observa- 15 | —38.5 | 176.9 | 415.5 j-------.} 12 tory). —13.5 30.8; —6.0 278 
tory). +1.5| 216.9 | +15.0 
+69.0 | 2844) —1L5 235 tory). +1.0 31.3) —6.0 308 
Apr. 15 (Naval Observa- 13 10} 176.2 | +15.5 Apr. 29 (Naval Observa- 10 57 | —33.5 | 343.9) 411.5 53 
+17.0 | 218.2 | +14.5 tory). +5.5 22.9 | +13.0 
+30.0 | 231.2 | —10.0 12 40 +14.0 31.4) —7.0 408 
Apr. 16 (Mount Wilson).| 13 15 | +30.0| 217.9 | +15.0 Apr. 30 (Naval Observa- 10 59 | —20.0| 3442) +11.5 
+42.0 | 229.9 | —13.0 tory). +19.0 23.2 | +13.0 
+55.0 | 242.9 | +120 95 +26. 5 30.7} —7.0 509 
Apr. 17 (Perkins Observ- 39 | —33.7 | 141.7 | —19.4 
atory). —22.4 | 153.0] —20.0 109 


AEROLOGICAL OBSERVATIONS 


By Ricumonp T. Zocu 


Free-air temperatures were above normal at all the 
levels at Broken Arrow, Ellendale, and Royal Center and 
at some of the levels at Due West and Groesbeck. At 
Ellendale these positive departures were very large. 

Free-air relative humidities were below normal at 
most levels at all of the stations. 

Free-air vapor presures were mostly above normal at 
Broken Arrow, Ellendale, and Royal Center and below 


normal at Due West and Groesbeck. The vapor pres- 
sure departures followed the trend of the temperature 
departures. 
he resultant winds were variable from the surface 

to the 1,500-meter level. Above this level they were 
westerly. 

pei observations made at the naval air station, 
Seattle, Wash., have been included in Table 2. 
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WEATHER IN THE UNITED STATES 


THE WEATHER ELEMENTS 
By M. C. Bennetr 
GENERAL SUMMARY 


The weather for April was decidedly warmer than 
normal except in the Northeast where it was abnormally 
cold during the latter part of the month as far south as 
North Carolina and Tennessee, while in the South gen- 
erally about normal temperatures prevailed. 

The precipitation for the month was deficient in most 
sections. However, rather heavy amounts were received 
in the Southeast over much of Georgia and Florida, while 
in the central Great Plains, portions of the northern 
Rocky Mountain and Plateau regions and in parts of 
the Lake region and upper Mississippi Valley the monthl 
totals were above normal. On the other hand only sm 
amounts were received over most other sections; they 
were markedly deficient from the Ohio Valley southward 
to the Gulf and westward to Oklahoma and central 
Texas, while in some sections of the far Southwest the 
month was rainless, and nearly all sections west of the 
Great Plains, except the far North, received only scanty 
amounts. The severe drought that had prevailed for 
some time in portions of the Southwest was generally re- 
lieved the latter part of the month. On the other hand 
droughty conditions have developed in many sections of 
the East and the Mississippi Valley from Missouri and 
central Illinois to the Gulf. 


PRESSURE AND WINDS 


The month opened with high pressure and fair weather 
in the Southeast, while elsewhere generally low pressure 
prevailed with light snow over portions of the Lake 
region and a few scattered localities to the westward. 
During the next several days precipitation prevailed in 
many localities of the East, accompanied by thunder- 
storms and rather heavy rain in portions of the Southeast, 
while from the Rocky Mountain region westward no 
precipitation was reported during the first decade of the 
month, except in the north Pacific region where light rain 
fell every day after the 2d, and a few scattered showers 
were received in the central Plateau region during the 
latter part of the decade. From the 4th to the 8th a 
low-pressure area moved from the west Gulf region 
easterly and northeasterly along the coast, accompanied 
by light to moderate precipitation in the South, but as 
the storm progressed northward it increased in intensity, 
and generous to heavy precipitation prevailed on the 7th 
and 8th in many localities of the Northeast. This storm 
was followed by a high-pressure area accompanied by 
fair weather which overspread most sections east of the 
Rocky Mountains by the end of the decade. 

During the first half of the second decade generally 

igh pressure and fair weather prevailed throughout 
much of the South, while relatively law pressure obtained 
over the northern half of the country east of the Rocky 
Mountains, with occasional light rains in many localities. 

On the 13th a low-pressure area accompanied by 
generous precipitation appeared in the north Pacific area, 
and during the next two days overspread the Pacific 
States and the northern Plateau region; by the 15th 
this low area had extended to the southern Rocky Moun- 
tain region, and thence it moved slowly northeastward 
to the Lake region, and passed out the St. Lawrence 
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Valley near the end of the second decade. It was ac- 
companied by much rainy weather from the 15th to the 
19th over most sections east of the Rocky Mountains, 
with thunderstorms in many localities and some rather 
heavy precipitation. On the 20th and 2ist light rains 
occurred in the central valleys, the lower Lake region and 
to the eastward, also locally in the Southeast with some 
heavy thunderstorms in portions of the Florida Peninsula. 
Light precipitation also prevailed in portions of the North 
Pacific States. During the next several days relatively 
high pressure and generally fair weather prevailed over 
most sections east of the Rocky Mountains, save for a 
few scattered showers locally. 

About the 24th generally low pressure accompanied by 
moderate precipitation overspread the Pacific States, and 
by the 26th and 27th, had extended over much of the 
Plateau and Rocky Mountain and western Great Plains 
regions, some heavy thunderstorms accompanied by 
severe winds and destructive hail occurred in several 
portions of the Southwest. The storm largely dissipated 
during the next day, but during the last two days of the 
month relatively low pressure prevailed from the Great 
Plains westerly to the Pacific, with widespread but moder- 
ate precipitation over much of this region, while from the 
— River eastward generally fair weather pre- 
vailed. 

Chart VI and the insets of Charts IT and III present the 
usual information about the mean pressure of the month. 

Severe local storms were reported in considerable 
number, as usually happens with the advance of spring. 
The customary table of these storms may be found at the 
end of this section. 


TEMPERATURE 


The month was mainly much warmer than normal, the 
notable exception being the cold spell during the finai 
decade affecting most central and eastern portions. 

The first week, while decidedly warm in the western 
half, was mostly but a little warmer than normal in the 
eastern half of the country, and in considerable portions of 
the Ohio Valley and the Middle Atlantic States averaged 
a trifle colder than normal. Except in part of Florida the 
second week was everywhere warmer than normal, with 
marked excess of temperature over the Plains region, the 
Ohio and middle and upper Mississippi Valleys and the 
upper Lake region. After the middle of the month warmth 
continued to prevail in the majority of States, but the 
weather became somewhat cooler from the northern half 
of the Plains eastward. About the 22d to 24th a cold . 
wave, well-developed for late April, set in over the north- 
central portions and districts to eastward as well as 
many portions to southward. This cold area continued 
for several days to dominate the weather in the lower 
Lake region and the interior portions of the Middle and 
North Atlantic States, but gave way to milder weather 
before the month closed. The final portion of the month 
was mainly a little warmer than normal in the western 
third of the country and the west Gulf region, but some 
portions of the Southwest and of the Pacific States were 
slightly cooler than normal at this time. 


The month averaged warmer than normal everywhere 
west of the Mississippi River and in eo | all southern 
districts to eastward, also in practically all of the Ohio 
Valley and the upper Lake region and in some portions 
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of the lower Lake region and southeastern New England. 
In a strip east of the Rocky Mountains, from Montana 
to west-central Texas, the excess of temperature was 8° 
to 9° per day, and from the interior of the Pacific States 
to the Mississippi River it was usually at least 4° per day. 

From central Virginia and the eastern part of Lake 
Erie northeastward, April averaged in most districts 
moderately colder than normal. 

From Montana, Idaho, and eastern Washington 
southeastward over the Rocky Mountain and Plains 
States, the month was the warmest April or almost the 
warmest to be found in the records. The highest tem- 
peratures recorded about the 8th to 12th from the vicinity 
of the Black Hills eastward and southeastward to the 
coasts of Virginia and the Carolinas were the highest 
April marks ever noted at a large proportion of the sta- 
tions, and at many others they exceeded the previous 
highest marks of the first half of April. This five-day 
period included the highest marks of the month in almost 
two-thirds of the States. However, several Plateau and 
Pacific States noted the highest late in the first week of 
April, and the reading of 108° on the 6th in Arizona, was 
the highest temperature reported anywhere within the 
country. Parts of the extreme Northwest noted their 
highest marks on the 21st and some portions of the 
Northeast within a few days of the end of the month. 

The lowest marks were almost everywhere within pre- 
vious records. Nearly all States west of the Mississippi 
River, also some northern States as far east as Ohio and 
Michigan, recorded them on the Ist or 2d. Several States 
from Mississippi northeastward to New England reached 
their lowest temperatures on the 8th, 9th, or 10th, and 
North Carolina, Kentucky, and the Southern Middle 
Atlantic States on the 24th or 25th. The very lowest was 
—4° on the ist at an elevated point in Wyoming. In 
every State save the few that border the Gulf of Mexico 
and nowhere attain an elevation of a thousand feet, there 
was some point where freezing was recorded. 


PRECIPITATION 


In only one-seventh of the States did the April pre- 
cipitation equal or exceed the normal and in several 
South Central and Southeastern States it averaged less 
than half of the normal. Furthermore the distribution 
in point of time was especially unfavorable in many 
districts. The first 10 or 15 days were mainly dry and 
in numerous localities without appreciable rain in the 
Plains, the Central Valleys and the western part of the 
Lake region. Much of Arkansas and Louisiana, and a 
large portion of the country south of the Ohio River 
received no rain of any consequence after the 6th or 7th 


* until the very last day or two, or in some cases till after 


April ended. 

The April was greater than normal in 
most of Florida and some parts of Georgia and South 
Carolina, in a few parts of the Lake region, and especially 
in most of the middle and northern Plains and much of 
western and southern Texas. For the most part the 
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northernmost districts from Montana to the Pacific 
coast had an excess, also a large portion of Oregon. 

Most of the Southwest had a deficiency, likewise the 
greater part of Wyoming. In sections where liberal 
rains are expected in April the deficiency was most 
marked from the eastern portions of Oklahoma and 
Texas eastward to include the southern and central 
Appalachian region and northward to include all the 
basin of the Ohio River. Numerous stations in this area 
found this the dryest April shown by their records. 

In substantially all portions of the country for which 
the amounts have not been specified by the preceding 
paragraphs, the precipitation of April fell short of 
normal, but not to a marked degree. 

In the eastern half of the country, as a whole, the 
forest-fire hazard was as great or greater this April than 
in any other spring month for many years, and the fire 
losses reported were unusually large. In numerous 
States this situation continued well into May. 

The largest amount of ees poner reported at any 
station during the month of April, 1930, was 14.45 inches, 
at a place in western Washington. Away from the im- 
mediate Pacific coast the greatest quantity measured 
was 13.51 inches, at Sinton, in southeastern Texas. 


SNOWFALL 


The snowfall of April was of little importance. The 
eastern portion of Ohio, northwestern Pennsylvania, the 
vicinity of Lake Ontario and most parts of the middle 
and northern Appalachians recorded moderate amounts, 
though usually less than the average falls indicated by 
previous April records. In east-central Wisconsin and 
northern lower Michigan there were moderate falls, 
also in north-central Nebraska and part of the Black 
Hills region. Except for these districts just noted the 
month brought decidedly little snow throughout the 
region from western Wisconsin and the western shores 
of Lake Superior to the northern foothills of the Rocky 
Mountains. 

In the higher portions of the far West the April snow- 
fall was mainly below normal, and in Wyoming it was 
paroenen scanty. The outlook does not favor a pro- 
onged ample flow in most of the rivers of the West 
that are fed considerably by melting snows. 


RELATIVE HUMIDITY 


The dry conditions existing over the country as a whole 
are reflected by the humidity percentages, which over 
much of the country are found distinctly below the nor- 
mal, the deficiencies ranging as great as 22 per cent in 
some portions of the Southeast. On the other hand 
they were above the normal generally where the pre- 
cipitation was greater than the average, as in the Florida 
Peninsula, nae portions of the Lower Lakes, central 
Great Plains, northern Rocky Mountains, northern 
Pacific and central Plateau regions. 
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cific SEVERE LOCAL STORMS, APRIL, 1930 
[The table herewith contains such data as have been received b papneggnn ew local storms that occurred during the month. A more complete statement will appear in the Annual 
the port of the Chief of Bureau] 
eral 
10st Width | Loss| Value of 
Place Date Time of path | of a, Character of storm Remarks Authority 
and yards! | life | destroyed 
tral 
the Pharr, Tex. 3 | 4:30p.m.-) 2 mi. $38, 000 | Tornado and hail_| Damage chiefly to crops; 1 person injured U. 8. Weather 
ureau. 
Malta, Mont., and vicinity_ Weed... ..- Character of damage not Do. 
Lee and Madison, 3,300 | Wind and hail. frame covering of 22 acres Do. 
0 amaged. 
ich Greenville, 8, C......-.-..- 7 Trees, poles, and windows damaged Do. 
. Maryland 7| 10a. ml |_..--.-... 2 50,000 | Thunder gusts....| Considerable damage to trees, buildings, and Do. 
ling p. m. farm property throughout the section; a 
f and 15 pupils injured. 
0 Dallas-Fort Worth, Tex., 13 | 6:15 p. m. 100, 000 | Hail and wind.-...| Public utilities crippled; shacks unroofed; shrub- Do. 
and vicinity. bery broken. Some damage by lightning. 
the Almena, Kans. (near) -....- 14 | 3:30 1, 760 Heavy hail.......- Windows broken; auto tops and roofs pierced; | Do. 
han Goulds and Perrine, Fla. 15|34p.m...| 12 mi. 100, 000 | Hail_...........--. Tomatoes and other vegetables damaged; poul- Do. 
fire (west of). try raisers suffered heavy losses. 
ous Hillsboro, 15 | 8p. m__..- 880 20,000 | Hail and wind-.--- awnings, outhouses, smokestacks, and Do. 
ns 
National Gardens, Fla. RE Ae Eee THEA 6,000 | Wind, rain, and | Considerable damage to gardens and ornamental Do. 
(near Daytona Beach). hail, flowers. 
any Ulysses, Kans. (5 miles 16 | 2:30 p. m.- 50 1,500 | Tornado----_---.-- A residence and several small buildings dam- Do. 
168 west of). — an oil derrick wrecked; path 5.5 miles 
ong. 
Spottsville, 17| P.m 3,000 | 2 barns demolished and an orchard uprooted-.-.- Do. 
d Sparta, Ill. (north of)_. 17 | 6p. m___-- 10, 000 some loss of livestock; path Do. 
miles long. 
re Beaver City, 17 | 7-7:20 p.m.) 5-20 mi. Considerable damage to trees and roofs over Do. 
small area; path 30 miles. 
McAllen, Tex........-....- 24 | 3:10 p. m_- 75,000 Heavy damage to property over small area__-__- Do. 
Honey Grove, 26 | 3:30 p. 1,320 5, 000 crop injury; damage to buildings Do. 
slight. 
Dallas, Tex., and vicinity-- 2 thunderstorms, | Some damage to buildings; crops and fruit Do. 
hail, and wind. injured. 
“he Cleburne, Tex.........-.-. 26 | 5p. m..... 2 mi. Gardens, orchards, and shrubbery Do. 
the Gartend, Ter. 26 | 6p. m. Hail and to buildings; rain dam- Do. 
aged merchandise. 
dle 26 | 6:45 p. Chief damage to crops; considerable damage to Do. 
its roofs, windows, etc. 
’ Itasea (near), Brandon and 26 | 7:45 p. m._ 5 el 35,000 | Hail and wind...-| Buildings damaged; crops injured Do. 
by Hubbard (near), Tex. 
nd Kaufman (near) and Cran- 26 | 8p. m....- SM ae 115,000 | Hail, wind, and | 25,000 acres of cotton damaged; gardens and Do. 
dall, Tex. rain. truck crops ruined; some damage to buildings. 
and Mer , Tex. 
28 | 12:30 p. 1, 760 55, 000 rain, and | Small buildings wrecked; crops Do. 
rnado. 
the Tat, Thin 28) 1p.m...--| 10 mi. 5,000 acres of cotton ruined; a few houses and Do. 
the barns damaged. 
Scotts Bluff, Tex. (north- 28 | 5-6 p. m__- 3 mi. 20, 600 | Fall .. ...nsennnd Some damage to crops and buildings over path Do. 
res west of). 10 miles long. 
Jk Murray County, 29; 10p.m_...; 20 mi. do............| Damage chiefly to roofs and Do. 
KY McAllen, Tex_.......-....- 29 50, Rain and hail... Considerable damage to crops and buildings--_-- Do. 
Danbury, Iowa (near) 30 Glass in hot beds and greenhouses Do. 
yas 1 Mi. signifies miles instead of yards. ~ 
ro- RIVERS AND FLOODS [All dates in April unless otherwise specified] 
est 
By R. E. SpencER flood 
‘ 8 ai 
The Tallahatchie River, after remaining above flood River and station lose 
stage at Swan Lake, Miss., for 82 days, fell below that From— | To— | State; Date 
point on April 6. The crest stage—31.9 feet—which 
ole prevailed from January 27 to 29, was the highest ‘of ATLANTIC DRAINAGE 
ver record at Swan Lake, having exceeded by 0.1 foot that of re ' oy 
or- March 22, 1927. Relative to the consequences of this re 
flood, the official in charge of the Weather Bureau office 
nd at Vicksburg, Miss., reports as follows: 
The area overflowed—about 4,800 square miles—is mostly un- Covington, Ind...........-- = 
aa cultivated, but about 200 bales of cotton remained in the fields Morris, Tl a 13 17 15. 2 22 
ral and were lost. ‘This was practically the only tangible damage, Peru, Il 14 
, although many minor inconveniences were suffered by residents mT 1 13.3 25 
4 Henry, 10 9 
of the overflowed section. 21 19.9 26 
Fortunately the flood subsided in time for the cultivation of the ae 
cleared portion of the overflowed area during the present crop Pearl, 12 (3) 127} May 1-4 
Of other April floods, those in the Altamaha, Ocmulgee, Sulphur: Ringo Crossing, Tex. ----.- 20 2%} 28) 215 28 
Wabash, Rio Grande, and Colorado Rivers were without WEST GULF DRAINAGE 
consequence; those in the Illinois (reported of minor jig Grande: san Marcial, N. Mex.| 3 2} | 37 15-18 = 
importance) and Verdigris will be discussed in the May “| 3.8 
Review; and that in the Sulphur overflowed about 100 elute sg : 
acres of farm land and did approximately $300 damage to ©*lorado: Parker, Oy 


prospective crops. 


Flood stages and dates appear in the following table: 


1 Continued from last month. 
2 Continued at end of month. 


x 
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EFFECT OF WEATHER ON CROPS AND FARMING 
OPERATIONS, APRIL, 1930 


By J. B. Kincer 


General summary.—During the first decade moderate 
temperatures and generally fair weather made conditions 
favorable for farm work, except in the Southeast, where 
frequent rains interfered, and in the Southwest, where 
the soil was too dry. Rains in the Middle Atlantic 
States were favorable, but farther south they were too 
frequent and kept the gound too wet. The soil was be- 
coming rather dry generally outside of this area, though 
deficiencies in moisture were not serious, except in the 
Southwest. In western grazing sections warm weather 
was generally beneficial for stock interests, particularly 
for lambing, but in the Southwest, especially in Kansas 
and Oklahoma, the drought was intensified, with condi- 
tions serious. 

During the second decade rains materially improved 
soil condition in the Atlantic States, the northern and 
western Ohio Valley, and a large area of the central-north. 
Showers were largely local in character in the Southwest, 
with droughty conditions still unrelieved in much of 
Kansas, ceatral and western Oklahoma, and western 
Texas. In general, conditions were mostly favorable over 
the northern half of the country, with rains helpful; in 
the South farm work progressed rapidly, although rains 
would have helped in many parts. 

During the last decade there were two overshadowing 
features of the weather—damaging frost in the East and 
beneficial rains in the Southwest. In the Eastern States, 
especially the Appalachian Mountain sections, frost and 
freezing temperatures did extensive and in many places 
severe harm to fruit and truck crops. There was also 
more or less damage over a large area from western North 
Carolina, southwest Virginia, and eastern Kentucky 
northward to Pennsylvania. Over the western half of 
the country the period was generally favorable, the wide- 
spread rains in many sections being especially beneficial. 
In the Southwest a few limited areas were still dry, but, 
in general, the drought was largely relieved. 

mall grains.—During the first two decades there was 
little change in the condition of winter wheat in the South- 
west, especially in western Texas, Oklahoma, and most 
of Kansas, with the drought unrelieved and the crop 
deteriorating in many parts. Condition of wheat was 
very spotted in this area, ranging from very poor to only 
fair, although in some sections of Kansas the crop was 
holding up well, with jointing reported from the South- 
east. Outside of this droughty region winter wheat prog- 
ress and condition varied widely, with good advance in 
the northwestern parts of the belt, but slow growth in the 
Ohio Valley, although rains were helpful in the latter 
area, During the last decade the drought in the South- 
west was generally broken, with heavy rains over prac- 
tically all parts of Oklahoma and beneficial falls in Texas 
and Kansas. Parts of southwestern Kansas still needed 
moisture, but much of the wheat crop revived and showed 
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marked improvement. Except for some need of rain 
over central and eastern parts of the Winter Wheat Belt, 
the crop was making satisfactory advance at the close of 
the month. 

The condition of oats closely paralleled that of winter 
wheat, while spring oat and barley seeding had been 
largely finished at the close of the month. Spring- 
wheat seeding was mostly completed, with much up and 
looking well, while other small-grain crops were making 
satisfactory progress. 

Corn.—While moderately warm and mostly sunny 
weather was favorable for field operations in the Corn 
Belt during the first decade, frequent showers and low 
temperatures caused considerable delay to planting and 
preparations during the latter part of the month. Seed 
beds had been prepared in Iowa, but only a small amount 
of corn had been planted, while the early-planted crop 
was not coming up. 

Cotton.—During the first decade cotton planting made 
good advance in Texas, but warm rains were needed for 
germination; in Oklahoma seed beds had been prepared, 
but the drought delayed planting. In central and eastern 
parts of the belt planting made good headway, except 
in the extreme Southeast, where it was too wet. During 
the second decade continued dry soil in the western 
Cotton Belt further delayed planting, although some was 
put in western Texas, where germination was hindered 
by dry soil and low temperatures. The soil continued 
too dry for germination in Oklahoma, but in central 
parts of the belt field work made rather good progress, 
while planting was active in more eastern portions. 
Rainfall during the last decade in the western Cotton 
Belt decidedly improved the condition of the soil, but 
the central and some eastern parts were beginning to 
need rain. Planting continued in Texas, while seeding 
operations in Oklahoma were only awaiting drier soil. 
A good, general warm rain was needed in central and some 
eastern parts of the belt. 

Miscellaneous crops—Except for droughty conditions 
in the Southwest, range and livestock conditions were 
largely satisfactory throughout the country during the 
month, although the low temperatures retarded growth 
of pastures in the East. Lambing was favored quite 
generally, while shearing advanced satisfactorily. 

During the first two decades potatoes and truck crops 
did well, with planting of the former advancing to the 
northern portions of the country. The frost during the 
last decade caused some injury to potatoes and truck 
in the Ohio Valley and adjacent sections, but elsewhere 
these crops did well. There was rather extensive frost 
injury to fruit reported over a wide area embracing the 
Appalachian Mountain districts, the Ohio Valley, the 
Lake region, and the Northeast, although later reports 
indicated that the early fears were rather pessimistic, 
especially in the central Appalachian area. Outside of 
these sections, fruit did well, except for some local 
dropping. 


WEATHER OF THE ATLANTIC AND PACIFIC OCEANS 


NORTH ATLANTIC OCEAN 
By F. A. Youne 


The weather over the North Atlantic during April was 
marked by few unusual features, and the number of 
days with gales was not far from the normal over the 
greater part of the ocean. As shown by Table 1, the 
monthly pressure departures were comparatively small, 


and, with the exception of Horta, the range in barometric 
readings not unusually large. 

The number of days in which fog was reported in 
different localities was as follows: Over the Grand Banks 
on 13 days; along the American coast between the 
thirty-fifth and forty-fifth parallels, from 7 to 10 days; 
in the Gulf of Mexico, from 1 to 4 days; over the steamer 
—_ east of the forty-fifth meridian, on from 1 to 4 

ays. 
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TABLE 1.—Averages, departures, and extremes of pressure 
at sea level, 8 a. m. (seventy-fifth meridian). North Atlantic Ocean, 
April, 1930 
Average; Depar- 
Stations pressure| ture Highest| Date | Lowest | Date 
Inches | Inch | Inches Inches 
Belle Isle, Newfoundland...-.- 29. 86 | +10.03 30.24 | 19th...-| 29.38 | 4th, 
Halifax, Nova Scotia...........| 20.94 /+70.01| 30.56| 15th....| 29.28 | 3d. 
Nantucket 30.01 | +20.04| 30.60] 17th...) 29.26 | 7th. 
Hatteras 30.07 | +20.04| 30.42 | 10th....| 29.62 | 7th. 
Key 30.01 | —? 0.02 30.22 | 1ith....| 29.84 | 25th. 
New Orleans. 30.06 | +20.02| 30.34] 10th....| 29.90 | 3d. 
Cape Gracias, Nicaragua - 29.91 | —10.06 29.98 | 29.80] 30th. 
Turks 30.08 | +10.06 | 30.18 | 12th....} 29.96 | 24th. 
Bermuda. 30.11 | +70.02 | 30.28 | 29.68 | 4th. 
Horta, 30.17 | +10.06 30.62 | 9th... 29.04 | 21st. 
Lerwick, Shetland Islands... 29.89} +10.09| 30.37 | 29.21 | 13th. 
Valencia, Ireland .............- 29.85 |—10.04| 30.30] 29.04 | Ist. 
London... 29.87 | —10.07| 30.23 | 8th....- 29. 42 | 3d. 


1 From normals shown on Hydrographic Office Pilot Charts, based on observations 
at Greenwich mean noon, or 7 a. m., seventy-fifth meridian time. 

3 From normals based on 8 a. m. observations. 

3 And on other date or dates. 


Results at Julianehaab, Greenland, are not given, as reports were received from that 
station for only 13 davs of the month. 


The disturbance that on March 31 was over the middle 
and eastern sections of the steamer lanes on April 1 
was central near 50° N., 20° W. While the storm area 
had contracted somewhat in extent, wind of force 7 to 
10 still prevailed east of the thirty-fifth meridian. On 
the 2d this Low was central near 55° N., 15° W., and while 
low barometric readings were still reported from vessels 
near the center the force of the wind had decreased 
considerably in intensity, few gales being reported from 
that section of the ocean. 

On the 3d the coast of southern Europe was swept 
by moderate to whole gales, the storm area extending as 
far west as the fifteenth meridian. 

On the 2d and 3d a depression central over the Mari- 
time Provinces was responsible for westerly gales in the 
southerly quadrants. 
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Charts VIII to XI cover the period from the 4th to 
7th, inclusive, and Chart XI gives an idea of the unusual 
conditions that prevailed on the 7th, when westerl 

ales occurred over the northern quadrant of the N ah 
tlantic HIGH, accompanied by comparatively high 
barometric readings. 

From the 8th to 20th there ensued a period of com- 
parative inactivity over the ocean as a whole, although 
a number of vessels in widely scattered localities encoun- 
tered gales, as shown by reports in table. On the 1ith 
the Danish steamship Viborg reported a westerly gale in 
the Gulf of Mexico, as shown in table, and on the 15th 
northerly gales were also reported from the vicinity of 
the Straits of Gibraltar. 

On the 17th the North Atlantic nicH was unusually 
well developed, and anticyclonic conditions also prevailed 
over northern New England, with a barometric reading 
of 30.70 at Portland, Me. 

On the 21st the region usually occupied by the North 
Atlantic HIGH was covered by an area of low pressure, 
central near Horta, where the barometer read 29.04 
inches; this Low was accompanied on the 21st and also 
22d by moderate to strong gales between the thirty-fifth 
and fiftieth parallels. 

From the 23d to 28th moderate weather was the rule, 
with the exception of moderate disturbances on the 23d 
and 28th, the former being central about 300 miles north 
of the Madeiras and the latter about 500 miles north of 
the Azores. 

On the 29th a Low was central near 47° N., 48° W.., 
that increased rapidly in intensity as it moved eastward, 
and on the 30th, when the center was near 50° N., 42° 
W., moderate to strong westerly gales prevailed over the 
steamer lanes between the thirtieth and forty-fifth 
meridians. 


OCEAN GALES AND STORMS, APRIL, 1930 


Vo Position at time of Low- Direc- | Direction | Diree- 
yage lowest barometer Time of Oy” | tion of | and force | tion of | Highest | gists of wind 
essel Gale lowest Gale hom wind of wind wind force of ann tinea at 
began | barom- | ended rom- of lowest Barometer 
ection 
From— To— Latitude | Longitude eter 
NORTH ATLANTIC 
OCEAN 
W, 10.| W WSW, 10..| Stead 
Tankschindler, Ger. S. S_| Curacao_..... Ardrossan....| 48 54. N | 21 29 Mar. 30| 8a,1.---| Apr. 1 | 28.35 | WSW-..| WSW, 10.. 
Steel Traveler, Am. S. S-| Gibraltar_... New York.../ 3545N | Apr. 1/ 10p,1-..) Apr. 29.58 | SW...-/ W,9.----. NW..-.| W, 9......| SW-W-NW. 
Extavia, Am. 8. Palermo... 3906N | 6800 W] Apr. 2|7p,2---| Apr. 3 | 20.62 | NW....; WNW, 10. 
Ampetco, Belg. M. 8....| Antwerp-.-... Baton Rouge | 44 17N | 14 00 W |.--do--..- 6 p, 2...|---do....} 28.72 | SE..... NW, 1l...| WNW.) NW, ll... 
Atlanta City, ‘Am. 8. 8.. Port 8 Charleston... 35 26N 20 03 W Apr. i 58, ~--90---- WsW.. SW, 10....| W-WSW. 
est Eleasco, Am. 8. 8..| Houston.....; Venice....... 38 55N | 55 41 a, ST 
Haarlem, Du. 8. Amster .-| Curacao.....- 45 23N 9 20 W bar ~ 3 28.79 | ESE...| SW, 11._...| WNW.| WNW, 12.| SW-W-WNW. 
Novian, Br, 8. 8.....--- Liverpool....| Boston_...... 41 50N | 6001 W| Apr. 4/6p,4--.| Apr. 5 28.48) E.-.... Nj WNW.| N, 12_...-- SE-E-N. 
America, Am, 8. Cobh.........| New York...) 4144N 59 26 W 7 p, 4---|---do-...-. NNW .| NNW, SW -N-NNW. 
Prince, Br. | Port BOSON....... 4106N Apr. 3/| 4 4, 29.09 WSW..| SSW, 10...; WNW-| SW, 12....| SSW-W-NNW, 
M. 8. 
Bellepline, Am. 8, S.....| Antwerp..... New York...) 4558N | 3912W/ Apr. 5/| 11p,5...| Apr. 7 | 29.40 8..._.-- WSW, 9.-| WSW, 11_| SW-WSW. 
West Harcuvar, Am.8.8.| Bremen......| Boston... 43 45N | 40 25 W 4a,6....| Apr. 6 | 29.60) WSW-. WNW. W, 
New Brighton, Br. S. Africa......-- Philadelphia.| 34 45N | 6715 Apr. 6 | 8a, 7....| Apr. 9 29.79 | SE_..-- SW, 10....| NW--..| —, 12......| SE-S-W-NW. 
Exilona, Am. 8. 8_...... New York..-.| Piraeus_..... 40 15N | 66 21 W Noon, 7.| Apr. 7 | 29.62} S.....-- Oy 8-SSW. 
Tomalva, Am, 8, §......| N wport| Rotterdam...| 44 52N | 3723 W/ Apr. 4 | 10a, 7...|---do....| 29. 64 6. W....--| —, 11......| 8-SW-WNW. 
ews. 
Examelia, Am, S. §......| Gibraltar_.... New York...| 3708N | 5200 Apr. 9 | 4 p,9---.| Apr. 8-SW-w. 
Viborg, Dan. 8....... New Orleans.| Port Limon..| 24 18 N | 8608 W/ Apr. 11 | 10 a,11..| Apr. 12 | 30.07 | ENE, ENE, 9...) Steady. 
West leaseo, Am. S. S..| Houston.....| Venice. ...... 38 35N | 1543 Apr. 10 | 4 p, 11--|---do._.. 29.84 | NNW .| NNW, NNW, NNW-NNE., 
—_ Schindler, Ger. 8S. | Hamburg....| Curacao...... 32 38N | 41 45 W | Apr. 11 | 6 a, 29.88 | ESE...| SE, 10..... SSW...| SSE, 11...| ESE-SSW. 
Burgerdijk Du. 8. 8....| Norfolk...... Rotterdam...| 4237 N | 4200 W/ Apr. 17 | 4 p,17..| Apr. 17 | 29.82 SSE....| SSW, 9....| NW....| SSW, 9...| SSW-NW. 
West Keene, Am. 8. S...| Gibraltar... New York...| 3447N | 27 21 W| Apr. 20/3 p,21..| Apr. 22| 28.71 | SW.-..| SW, —..-.| W....-- SW-NW. 
arcoxie, Am. 8, S__..... Havre........|..... 42 33N| 5010 Apr. 21 | 8a, 29.64 | Steady 
Yoke, Am, 6, Gibraltar_.... Boston....... 86 13N 15 24 W |-.-do.....| 3 a, 23...| Apr. 23 | 28.97 | SSW_-- NW....| SW, 12....| SSW-SW 
Exton, Am, Palermo...... New York...| 37 100 W | Apr. 28 | 4a, 29...| Apr. 30 | 29.63 | WSW..| WSW, 9..| SW---- WSW-SW 
New York, Ger. 8. 8_._. Hamburg do 4440N | 3900 Apr. 29 | 29.33 | SE..-... NwW.... sSw-w. 
Volendam, Du, 8, S..... Rotterdam do 45 56N | 3525 W| Apr. 30 | 4 p,30..| May 1 | 29.34] SSE....| SW, 9...-. W, 10..... WSW-W. 
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Ocean gales and storms, April, 1930—Continued 
Position at time of Diree- | Direction | Direc- 
Voyag lowest barometer Time of — tion of | and force | tion of | Highest | gnitts of wind 
. Gale | lowest | Gale | PS | wind | ofwind | wind | forceof | ‘eartimeof 
Vessel began | barom- | ended a | when | at timeof| when | wind and lowest b eter 
Latitud tud eter pd gale lowest gale direction arom: 
From— To— tude | Longitude e began | barometer | ended 
NORTH PACIFIC 
OCEAN 
Inches 
Patrick Henry, Am.8.S-.| Formosa...../ Honolulu. 26 00 N | 178 40 E | Mar. 30 | 4p,1....| Apr. 1 | 30.04 | ENE_-.| NNE, 8...| NNE..| NE, 
Emp. of Canada, Br. | Yokihama--..| Vancouver...| 50 34 | 148 54 W 8 p, 2....| Apr. 2 29.35 | W.....- Wig NW, 9_..... WSW-NNW, 
8. 8. 
Radnor, Am. 8. San Pedro....| 35 07 N | 143 21 E 10a, 3...| Apr. 3 | 20.43.| NE_...| 8, 4....... NW....| NE, 11....| SE-NE-NW, 
Tamaha, Br. 8. San Pedro....| Yokohama...| 33 55 N | 141 30E | Apr. 2 / 10a, 29.45 | ENE_-.| ENE, 11..| NW-....| NNE, 12_.| NE-N. 
Petricola, Br. 8. S.._.--- 33 02 N | 136 57 |_..do-_..- 29.90 | ENE..| NE, NW....| NE, 9..... Steady. 
Stuart Dollar, Am. 8. S.| Nagoya.-.-.... Los Angeles..| 35 03 N | 142 05 E |_..do-.---. 2a,3_...| Apr. 4 | 29.56 | NE,_...| NE, 11....| NW-_..| NE, 12....| NE-NNE, 
Hamburg Maru, Jap. | Kobe.........| San Francisco| 40 27 N | 151 59 E 4a, 29.69 | ENE._| SSE, 8...-| SSE, 9....| SSE-8, 
Pres, Lincoln, Am. 8. S..| Seattle......- Yokohama...| 37 05N | 143 00} E | Apr. 3 | Noon, 3- Apr. 3 | 29.69 | NE....| N, 9.....-. NNW..| N, 10....-- NE-N-NNW. 
Maru, Jap. | Yokohama_-__| San Francisco) 43 12 N | 141 00 W 29.11 | S....... Steady. 
Pennsylvania, Am. 8. 8.| Portland_...- Yokohama...| 43 39 N | 152 15 E Noon, 4.| Apr. 4 | 29.56 | WSW..| 8, 7..----- WSW..| W, 9....-. SE-S-SW. 
Mayebashi Maru, Jap. | Yokohama-_-.-.| San Francisco} 39 00 N | 148 00E | Apr. 9 p, 9.-..| Apr. 10 | 29.17 | W-...... WNW, 8..; NW_... NW, 9....| 2 pts. 
8. 
Yomachichi, Am. M. 8..| Hong Kong-.-} San Pedro....| 36 10 N | 152 40 E |...do___.-. 10 p, 9...| Apr. 11 } 29.61 | SSW...| WNW, 8..| NNW-.} NW, 9....: SSW-W-WNW. 
d 38 50 N | 158 10 W | Apr. 15 | 4a, Apr. 19 | 29.95 | NW__..| NNW, 9_.| NNW, 9.-| NW-NNW-N. 
Tamaha, Br. 8. 8.......-. 38 32. N | 157 35 E | Apr. 10 | 7a, 10...| Apr. 11 | 29.05 | SW....| WSW, 9..| WNW, 11.|; WSW-W-WNW4 
Wilhlemina, Am.8.S_...| Seattle....... Honolulu ....| 42 20N | 136 27 W | Apr. 13 | 2a, Apr. 15 | 29.51 | NW-_...| NW, 8..../ SSE, 9....| N-NW.; 
7 Maru, Jap. | Yokohama...! Victoria_..... 35 09 N | 140 43 E | Apr. 15 | Mdt, 15_) Apr. 16 | 29.50 | NNE-. NNW, 9..| NW....| NNW, 9..| NNE-N-NNW. 
Stanley Dollar, Am. Sagay........ Los Angeles._| 39 27 N | 166 00 E | Apr. 16 | 2p, 17...) Apr. 18 | 29.38 | E......| SW, 8...-. , W, 9...... S-SW-WSW. 
Frank G. Drum,Am,8.8.| Yokohama...| San Francisco) 45 20 N | 169 30 E 5a, 18...| Apr. 19 | 28.76 | SE_.... Woo sw, 10....| S-SW. 
Aden Maru, Jap. 8. San Pedro....| 41 10 N | 169 10 E 5p, 28.99 | SSW, 8....| WSW..| W, 9....-. 8-SSW. 
Olympia, Am. 8. S....-- Tacoma_.__... Yokohama...| 48 45 N | 170 30 E | Apr. 17 | 6a, 21__.| Apr. 21 | 28.84 | SE___.. ESE, 6....| ESE... ESE, 9....| ESE-SSE. 


NORTH PACIFIC OCEAN 
By Wi.us E. Hurp 


The average atmospheric pressure over the Aleutian 
Islands and the Gulf of Alaska for April continued with 
little change from that of March. The center of the 
Aleutian cyclone remained in the neighborhood of 
Kodiak, where the pressure was 29.72 inches, but over a 
considerable region which extended well into the Bering 
Sea, the average reading was below 29.80 inches. At the 
beginning of the month the Aleutian cyclone was rather 
deep and energetic over the Gulf of Alaska, the minimum 
barometer readings at stations along the coast from 
Kodiak to Juneau being close to 29 inches—slightly 
lower at Kodiak—on the 2d. After the decadence of 
this mauifestation of the semipermanent northern cy- 
clone on the 6th, no other deep depression appeared in 
the north until the 28th, when pressures dropped to 28.38 
and 28.40 inches, at Dutch Harbor and St. Paul, respec- 
tively. This imtensified cyclone lost energy rapidly, 
however, and entered Alaska on the 30th as a shallow 
depression. 

he California-Pacific anticyclone reached its highest 
and steadiest development in the general neighborhood 
of Midway Island, where it was practically unbroken by 
intruding Lows. Between the Hawaiian Islands and the 
American mainland it occupied most of the middle lati- 
tudes, but was disrupted on several days by depressions 
of moderate energy, though of considerable size. 

Barometric data for several island and coast stations 
in west longitudes, including Point Barrow on the Arctic 
Ocean, are given in the following table: 


TaBLe 1.—Averages, departures, and extremes of atmospheric pres- 
sure ot sea level at indicated hours, North Pacific Ocean and adjacent 
waters, April, 1930 


Depar- 
Average| ture 
Stations pressure} from Highest} Date | Lowest | Date 
normal 
Inch Inches Inches 

Point Barrow 30. 54 | 23d__... 29.68 | 29th. 
Dutch Harbor 29.81 | —0.02 30.22 | 17th....}; 28.38 | 28th. 
St. Paul! 29.76 | —0.04 30. 26 | 17th.... 28.40 | 28th. 
29.72 | —0.08 30.28 | 12th....| 28.86 | 2d. 
Midway Island !__...........- 30.17 | +0.07 30.32 | 2d_..... 29.96 | 26th. 
30. 06 0. 00 30.17 | 28th... 29.92 | 2ist. 
Juneau 3__....... 4 29. 87 —0. 09 30.30 | 10th... 29.13 | 2d. 
Tatoosh Island * -| 29.98| —0.06 30.26 | 10th....| 29.50 | 27th. 
San Francisco 30.02 | —0.02 30. 27 | 29. 66 | 30th. 
San Diego? 29.97 | +0.01 30.17 | 3d....-.| 29.77 | 30th. 


1 P. m. observations only. 
2 For 29 da 

3A.m. m. observations. 

* Corrected to 24-hour mean. 

After the considerable storminess occurring over the 
ocean during the preceding six months, April saw the 
North Pacific comparatively free from tempestuous 
winds. The majority of gales reported by our observers 
did not exceed force 9 on the Beaufort scale. Of the 
few more violent gales—forces 11 and 12—the most 
important resulted from a typhoon which passed the 
southeast coast of Hondo during the 2d and 3d of the 
month. At this time, although winds of hurricane force 
were experienced by vessels 100 miles or less south and 
east of Yokohama, no pressures lower than 29.43 inches 
were reported as read. This cyclone appeared as a 
depression between southern Japan and the Ogasawara 
Islands at the end of March, but did not become severe 
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until April 2. On the 4th it progressed rapidly toward 
the Kuril Islands, on the way causing fresh to strong 
ales east of Yezo, and was central somewhere south of 
on the 5th. 
The only other known typhoon of the month was a 
small but violent storm which crossed the Philippines on 
the 18th-19th. The Bureau has no vessel weather 
report of this disturbance, but its history is given in 
the subjoined article by the Rev. José Coronas, S. J., 
of the Philippine Weather Bureau. 
A weak depression, which seems to have formed south 
of Japan about the 8th, moved northeastward and had 
ained some considerable energy by the 10th. On this 
> in about 38° N., 157° E., the British tanker Ta- 
maha encountered the cyclone as a whole gale. Violent 
winds, up to force 11, were experienced until the morn- 


ing of the 11th, when the storm abated. The Tamaha’s 


lowest barometer was 29.05 inches. 

Except in connection with the fluctuating disturbances 
peculiar to the Aleutian region, there seem to have been 
no other cyclones of importance west of the one hundred 
and eightieth meridian. Gales, however, were more 
frequent along the northern routes west of this meridian 
than east of it. From Japan eastward to about 160° E. 
most gales occurred during the first decade of the month, 
with a scattering few in the third. Between 160° E. and 
180° the great majority were a product of the second 
decade. 

In west longitudes no gales of force exceeding 10 have 
as yet reported. The early disturbance in the Gulf of 
Alaska, already referred to, created some rough weather 
north of the fortieth parallel on the Ist to 4th, the worst 
evidently occurring on the 4th, when a whole gale was 
encountered near 45° N., 140° W. On this date also 
Tatoosh Island, then on the extreme eastern edge of the 
huge cyclone, had a maximum wind velocity of 58 miles 
an hour (force 10) from the south. 

On the 10th a depression formed in about 20° N., 132° 
W. and began working northward across the California- 
Hawaiian routes. By night of the 12th it lay off the coast 
between northern California and British Columbia, and 
by morning of the 15th had practically disappeared from 
the ocean area. It caused some squally weather and 
moderate gales during its northward passage, with a 
maximum wind force of 9 from the south-southeast on 
the 13th, near 34° N., 146° W. 

About the 14th a moderate cyclone developed in middle 
latitudes, central near longitude 155° It moved 
rather slowly eastward and northward, spreading con- 
siderably in area for several days. By the 23d it lay 
principally over the Gulf of Alaska, where it remained as 
an individual disturbance until the 28th, when it became 
amalgamated with the intense cyclone then central over 
the eastern waters of the Bering Sea. During its course 
it acquired only moderate wind and barometric intensity, 
although fresh to strong gales were experienced in scat- 
tered positions between 30° and 50° N., 130° and 160° 
W.., from the 15th to the 21st. 

Few winds of gale force were reported from or near the 
Tropics. These few include moderate to strong anti- 
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pope gales southwest and south of Midway Island on 
the 1st and 2d, and northers of force 7-8 over and near 
the Gulf of Tehuantepec on the 6th and 12th. At Salina 
Cruz Tehuantepecers exceeding 45 miles an hour (force 8 
and upward) were reported as follows: 7th, 60 miles; 8th, 
60; 12th, 48. 

The prevailing wind direction at Honolulu was from 
the east, and the maximum velocity was at the rate of 27 
miles an hour from the east on the 12th. 

Fog generally was more frequent along the upper 
steamship routes west of longitude 150° W., and along 
the coast of the United States, than in March. It was 
reported on 5 to 7 days in the various 5° squares in upper 
middle longitudes south of the Aleutian Islands; on 7 
days between the fortieth parallel and the Kuril Islands; 
on 6 to 8 days off the California coast; on 4 to 5 days off 
the Washington and Oregon coasts; and on 3 days near 
shore at the mouth of the Gulf of California. Else- 
where, north of the thirtieth parallel, scattered fog 
occurred variously on from 1 to 4 days. 


TYPHOONS AND DEPRESSIONS 


THE FIRST TYPHOON OVER THE PHILIPPINES IN 1930: 
APRIL 18 TO 19 


By Rev. Jos& Coronas, S§. J. 
{Weather Bureau, Manila, P. I.] 


The first typhoon that visited the Philippines this 

ear was rather of a very small diameter, but very 
intense while traversing the Visayan Islands. The 
origin of this small typhoon is not clear up to this time. 
Its center was situated at 6 a. m. of the 18th about 60 
or 70 miles to the northeast of Surigao moving west by 
north. At about noon of the same day it passed very 
near to the south of Guiuan, southern coast of Samar, 
where the barometric minimum 747.50 millimeters (29.43 
inches) was recorded at 12.30 p.m. Then it passed at 
6.40 p. m. close to the north of Ormoc, northern part of 
Leyte, causing the barometer to fall to 740.91 millimeters 
(29.17 inches). During the morning and first hours of 
the afternoon of April 19 it crossed the northern part of 
Panay Island near the northern coast, and south of 
Capiz, where the barometric minimum 748.35 millimeters 
(29.46 inches) was observed at 10 a. m.; the small typhoon 
was still intense and continued moving to west by north. 
From Panay the typhoon took a west-northwest direction, 
and probably filled up soon over the China Sea about 
250 miles to the west of northern Mindoro. 

The area of destruction of this typhoon was small, but 
in this area the damage caused by winds of a gale or 
hurricane force and by heavy rains was very considerable. 

The approximate position of the center at 6 a. m. and 
2 p. m. of April 18, 19, and 20 was as follows: 


April 18, 6 a. m__----- 126° 15’ longitude E., 10° 40’ latitude N. 
125° 10’ longitude E., 10° 55’ latitude N. 
April 19, 6 a. m_.-.--- 122° 50’ longitude E., 11° 15’ latitude N. 
PU Mendes 121° 50’ longitude E., 11° 35’ latitude N. 
April 20, 6 a. m__..--- 118° 40’ longitude E., 12° 55’ latitude N. 
116° 20’ longitude E., 13° 40’ latitude N. 
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CLIMATOLOGICAL TABLES* 


CONDENSED CLIMATOLOGICAL SUMMARY 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, with 
dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated by 


the several headings. 


Aprit, 1930 


The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and the 
greatest and least monthly amounts are found by using all trustworthy records available. ; 
The mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 


stations. 
Condensed climatological summary of temperature and precipitation by sections, April, 1930 
Temperature Precipitation 
2 Monthly extremes Greatest monthly Least monthly 
2 Station Station 8 2 Station 3 Station 3 
a) fa) ia) fa) <, < 
| oF, °F In. In. In. In. 
Alabama..._....------ 65.5 | +2.0 | 3 stations..._.......-- 90} 216] St. Bernard......--- 29 9 || 1.47 | —2.82 | Primrose Farm__...-. 3.23 | Seven Hills_......... 0. 06 
62:7 +-4.0'| Parker. ..........-.. 108 ll 16 || 0.43 | —0. 23 nedale ...........- 2.03 | 12 stations_.......... 0.00 
64.9 | +3.5 | 96 10 | Calico 27 1 || 1.41 | —3.47 | 4.40 | Princeton......-..-- 0. 00 
106 7 | Gem 7 1 || 1.57 | —0.14 | Upper Mattole__.... 7.10 | 2stations__.........- 0. 00 
49.4 | +6.2 i 1 || 1.07 | —0.82 | Savage Basin___.-..- 3.50 | 
70.1 | +0.2 ‘36 1 || 3.50 | +0.82 | 10.09 | Cottage Hill_......_. 0. 61 
64.9 | +1.5 25 1 || 3.26 | —0.32 | 6.77 | 1, 30 
50.9 | +5.9 1 |} 1.64 | +0.20 | Grangeville. 3.90 | Mountainhome.- 0. 27 
| eet 55.6 | +3.2 2 || 2.68 | —0.73 | Watseka_.......-.-- 4.99 | Carmi_.........-.... 0. 64 
S 54.0 | +2.0 22 || 2.55 | —0.94 | 5.26 | Evans Landing--...| 0,44 
52.1 | +3.2 1 || 2.67 | —0.29 | Oskaloosa........--- 4.59 | Chariton...........- 1.05 
59.1 | +5.4 1 || 2.82 | +0.23 | 7.77 | Hugoton_-.... 0. 43 
Kentucky. -......----- 58.9 | +2.9 24 || 1.31 | —2.72 | 2.77 | Irvington... 0. 34 
Louisiana__......----- 69.2 | +2.2 1 || 1.38 | —3.32 | New Orleans (No. 2).| 3.46 | Logansport 0. 00 
Marylend-Delaware.-.| 50.6 | —1.9 21 || 2.48 | —0.88 | Laurel, Md-_-_-....-- 3.79 | Annapolis, Md__...- 1, 29 
43.3 | +0.5 2 L777 —0.78 | 4.65 | Muskegon.......... 0. 51 
Minnesota_.......---. 45.8 | +3.2 1 || 1.06 | —0.97 | Rochester_.......--- 4.17 | Little Falls_........- 08 
Mississippi .....---.-- 66.9 | +2.3 2§ ||.1.21 | —4.18 | Duck Hill_.........- 3 Waynesboro. ......-. 0.15 
OS 59.1 | +40 1 || 2.03 | —1.78 | Joplin......-.----.-- 7.72 | Marble Hill_......-. 22 
Montana. .......-.-.- 49.6 | +7.4 1 |j 1.41 | +0.24 | Roundup....-.....-- | 0, 13 
Nebraska_............ 53.6 | +4.6 1 || 3.68 | +1.23 | North Loup......... 829 Paxton....-<u.------ 1.33 
Nevada.........---.-- | +40 100 ye P; 1 || 0.84 | +0.01 | Mina... 0. 00 
New England--.....-- 42.4 | —1.3 | Waterbury, Conn_..} 82 27 | Pittsburg (a) N. H..| —2 10 || 1.64 | —1.62 | Glencliff, N. H.....- 2.71 | Garfield, Vt_......-- 0.37 
New Jersey_.--------- 47.6 | —1.7 | Little Falls__........ 79 14 | Belleplain........_-. 18 8 || 2.34 | —1.31 | Charlotteburg......- 3.72 | Asbury Park......-- 0. 50 
New Mexico......-..-- 55.3 | +4.6 | 2 95 | 16] 9] 215 || 0.59 | —0.42 2.42 | 3 0. 00 
New 43.1 | —1.2 88 | 30 |-.... 8 3 || 2.07 | —0.90 | High Market.......- 6.08 
North Carolina_.....- 58.7 | +1.1 212! Mount Mitchell____. 12 24 |} 2.16 | —1.53 | Neuse_....-.--.----- 5.19 | Mount Holly-_....... | 0.51 
North Dakota-.. 47.3 | +5.6 9 8 1 1.25 Pembina. ee 
Ohi 52.1 | +24 11 | 19 211 Pleasant Hill........' 0.59 
Okl 65.4 | +5.9 7 | Boise City.......... 17 1 |} 2.90 Goodwell............ 0. 63 
51.6 | +3.8 |. 10} 21 218 Arlington. .......-.- 0. 20 
Pennsylvania___.....- 48.2 | —0.6 9 29 || 2.71 Ebensburg.......-.- 0. 66 
South Carolina....... 63.4 | +1.1 | Society Hill_.......- 96 12 | Cherokee (near) _---- 28 1 || 2.16 Ragenead.._.-.o.-. 0. 55 
South 50.8 | +5.4 | 2 stations___........- 94 9 | 3 ll 1 || 2.17 Harveys Ranch.....| 0.40 
mnessee . _.....-.--- 61.2 | +2.5 | Clarksville........-- 92 11 | 2stations..........-- 24 9 || 1.66 2.82 Fayetteville._....... 0. 62 
54.8 | —0.1 | 97 12 | Burkes Garden__....| 16 25 |} 2.18 1.06 1,01 
51.4 | +3.7 | 89 21 | Paradise 16| || 2.30 | —0.24 | Wynoochee Oxbow_| 14.45 | 2 stations._.......... 
West Virginia--....... 53.2 | +1.6 | Moorefield.....--.-- 98 13 9 || 1.95 | —1.57 | 416 | 0. 39 
Wisconsin............ 45.3 | +1.9 | 4 stations._.........- 92 710 ng Lake.......-.- 7 2 || 2.00 | —0.54 | Lancaster_....-....- 5,20 | Neilisville..........- 0. 64 
W 47.5 | +8.0 | 87 8 | —4 1 || 0.86 | —0.71 | 3.07 | 3 stations............ 
Alaska [March]_....-- 14.9 | —1.9 | Tree 55 —49 18 || 2.83 | +1.35 | 16:63 0. 08 
-| 69.4 | —0.8 | 89 23 | 2stations............ 48 11 ||12.16 | +3.01 | Kailua (Mauka) 56.00 | 5 stations 0. 00 
Porto Rico_..........- 76.1 | +0.8 | 98 29 | 55 14 || 2.46 | —2. 23 (Valdez| 6.48 | Josefa............-.- 0. 56 
arm). 


1 For description of tables and charts, see Review, January, 1930, p. 37. 
2 Other dates also. 
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Tasie 1.—Climatological data for Weather Bureau stations, April, 
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rith | | ill 
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the BE | | | 
| 
hat A | i} | | | 
In. | In. |° F.| ° F. PF. op le % | In, | In. Miles (0-10 In. | In. 
43.6| —0.4 66) 1.58) —1.5 | 
29. 944-0. 01] 38.8) —0. 2) 59 | 64| 1.49] —1.4] 10, 7,120,s. | 40)se. | 8| 5) 17) 2.7| 
29. 95|......| 35.8)....-.| 65] 46 5,206) nw. | 32\......| 10| 8| 23 
7| 30. +. 04| 42.3! —0.7| 71) 14) 51 | 65} 1.44) —1.9 5, 786| nw. | se. | 7| 19} 6) 5 T. 
7| —. 43.2} —0. 2! 75] 56 1.20] —L.5| 4,470| nw. | 23\nw. | 12) 13) 5 1.0 
—.01| 40.7; —2.6| 71] 30) 51 2.10, 6,961\s. | 1] 9} 18 4.5 
30. +. 01| 38.5} —1.8 | 68| 1.69] —0.6| 11| 4,382|s. | 25) sw. | 1) 6) 13/ 1 4.8 
6} +. 03) 47.6 +1. 2 | 56} 2.09| —1.3| 6,195| nw. | s. 7| 11| 13) 6 
| 30. +. 03} 43.8] +04) 65] 50] 31] 24) 37| 22} 40] 36 76) 1.01) 9,915) sw. | 39 se. | 7| 13) 11 6 
7| -+-02| 44.4) +0. 4) 66] 14) 50) 24 38) 22) 40) 36) 76) 1.47] —21) w. | 46 nw. | 10 li] 
3| +. 03| 46.8| +0. 2! 76] 14| 56) 27| 37| 39| 30) 55) 1.08; —21| 9/8 592) nw. | 55\se. | 7/12) 9 T. | 
3 03| 46. 6) 0. 1) 76) 14| 56) 27) 241 37) 6 12| T. | 
1! +. 04! 46.4) —0.8! 76] 14) 55 26! se. | 7! 8| 
| | 66) 2.17] —0,9 | 
In. | 45. —1.4| 76] 30) 55} 26) 36) 34) 30) 32) 63| 1.53] —0.9| 5,364) s. | 28) se. 1| 9} 14) 7) 0.1! 0 
06 + 44.18 —0.6 80) 55| 23] 35| 230] —0.2| 13] 4,369) mw. | 24) sw. | 1) 8) 7] 15 2.7| 0 
00 14) 55) 29 | 40! 22} 41) 34) 62} —1.2| 11/10,753| mw. | w. 7| 6} 12) 12 0 
00 46. 58) 23) 34) 40) 40) 35) 08) | 0 
00 49.08 —1.5| 74] 14| 58] 30 41| 20! 42) 34] 248) —0.2} 12/4 914 w. | 28) w. 12) | 0 
51.98 —0.9| 74| 14| 26) 40| 70| 1.64) —1.4] 11/ 9,174 nw. | 40, nw. 2) 6) 12) 12 | 0 
49.0 —0.9) 74] 14) 58} 40) 42| 35| 291/04] 9) 4,673) se. | 21) se. | 6) 7| 13) 10 0 
46. =1.7| 76| 30| 57| 35| 40| 33| 252] —0.2| 4,888\ sw. | 25'sw. | 7| 5) 13 @ 0 
47.0 0.0; 67| 14! 54| 321 42) 38] 72) 2.00] —1.0| 9111, 729| nw. | se. | 6| 8) 10) 12 0 
+0. 5) 74) 14) 57) 31 | 41) 26) 45) 40) 75) 1.54) —1.4) mw. 10) 10) 10 
70| 14] 53} 41| 22] 36) 208] —1.5| 11| 9,822| nw. | 46) sw. | 7| 6) 12| 12 0 
—1.4| 72] 30] 58| 20) 24) 39] 20] 41) 34) 62) 1.74] —1.2} 10) 7,426| nw. | 42) w. 7| 9} 13 0 
+. 04) —1.0| 79] 14| 61| 24] 44) 31] 45) 38] 62) 3.12) —0.2! 7,300| nw. | 48] w. 7| 10} 11 9 1 
+. 03 —0. 1] 91] 11] 34| 24) 43} 44) 45] 38] 62, 3.12) 5,042| nw. | nw. | 10) 11) 9 | 0 
89| 12] 62| 38| 1) 47} 39] 49] 45| 75| 1.73) —1.6| 11| 7,697| ne. | 39) nw. | 12 8| 10 0 
+. 04) —1.0| 921 11] 29) 1| 45} 40) 48; 60) 1.45) —1.5| 5,170 nw. | 32/nw. | 7 11) 11 0 
+. 05| +0. 2| 92} 12| 39} 1| 48| 43) 67) 2.38] —0.8| 8| 7,942| ne. | 56] w. 8| i 
+. 04| —1. 0) 94] 121 67| 1| 44) 43] 48] 41) 66, 3.19) —0.3| 4,959] me. | mw. | 12) 11) 7 0 
+. +1. 2! 85] 12) 65| 1/42) 41| 45 1.40| —1.6| 7) 4,538) w. | 28) sw. | 7| 11) 13) 6) 
| 
sa +17 66| 2,18) —0.8 | 
30. 5, 6 4.3 0. 
30. 3, 8| 4.0) 0. 
30. 9| 5.3 0. 
30. —0.7| 8, 5) 4.1 0. 
30. 4, 11) 4.9 0. 
30. —1.0} 8} 4, 4) 3.8 0. 
30. 40.1) 4) 6, 4.6 0. 
30. 7/4, 4) 4.2 0. 
30. 4. 0. ae 
30. 745, 9} 4.7] @ 0. 
30. 5/3, 3| 4.4) 0. 
30. +1.6) 6) 7, | 9) 5.0 0. 
30. —0.5| 7, 5.0 0. 
76) 4,74) +2.¢ | 
—. 02 | 85| 28| 14| 70, 78| 4.30; +3.1/ 6,181\ se. | 26/8. | 14) 9 7) 4.5) 0.0 0.0 
55 00) 30 01) 84| 58] 1| 68| 21] 68| 75| 5.98} +2.9| 1116,722,e | 27) | 30) 10 12) 5.8) 0.0 0.0 
0 00) 02 88) 18 50] 1| 63] 26 64) 61] 76 3.84 +1.8) 5 7,804 @ | 35) se. | 20) 10) 9 11) 5.3) 0.0 0.0 
2 00| 30m. | 91| 23] 81} 53! 62| me. 15] 9] 3.9] 0.0 0.0 
1,99, —2,2 | 4.3 | 
82| 03) 63.4) +2. 12] 73| 43| 9| 54) 28] 52| 54) 1.40 —2.2) 6; 7,052] nw. nw. 
4 64.9) +1, 12| 77| 40} 1) 53) 3 47, 57| 4.191 +1.0, 7) 3,743) nw. n. dee 
. 39 67.6) +0. 17} 78| 57 53, 66) 4.49) +1.2) 4, 782) | sw. 
62.4) 8} 1, 61 62, 59} 76, 2.00 —0.8 5, 431| 
64 30+ 7|_1| 63) 16| 56| 73) 0.89, —3.1| 5 7,377) 
30+ 15| 77; 36) 25 1.54! —2.8] 5} 3, 080) w. 
30+ 21| 78| 41| 25| 54| 3 44) 1.38] —3.4| 3) 4, 173) w. 
. 08 30+ 51| 25) 60 55| 71} 0.77| —3.9 6 5, 965 nw. 
47| 25| 57| 48 2.26] —2.0| 3, 990 w. 
30 25] 55 47| 57| 1.86] —2.9| 4 3, 406 | 
56 30 8} 1| 58 57| 49} 58; 0.20|—5.0| 5 4,455) 
30 52; 1) 62 63| 59) 74| 2.89) —2. 4, 
67| 1,60) —2.1 | | 
30 24] 60 59} 52} 59} —-3.9| 6 = 
29 8| 52) 246|......] 13 | 
29 26| 56) 32)....|....| 58 9) | 
3¢ 23 55) 46| 54 
4| 41) 55| 65 5) 
20m ++. 03 4| 67| 65| 84 | 10) 
+. 07 4 65 62) 81 5 = 
3 04) 10, 3 53, 63 7 
03| 34 57| 66 
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TaBLE 1.—Climatological data for Weather Bureau stations, April, 1930—Continued 


S822 

2338 
ae 


3 Observations taken bihourly. 


14) 72) 


Apri, 1930 


930 


jo pus punolz 
uO pus -‘moug 


s 
32 punoi3 
punois ea0ge BS = 


.00| 81.4) —0. 
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1 Pressure not reduced to mean of 24 hours. 


| | 
| | 
In |°F In, | In. In, 
1, 28 —0. 5. | 

7| 66] 25, 1) 38| 41) 44 56} 1.12} +0.1 5,445) sw. | 38] sw. | 11) 12) 7) 5.0, 0. 
0. 77| 7| 63| 28) 39) 38 42, 34) 0.78) —0. 5, 250| sw. | sw. | 24) 14 16 7.4 0 
72| 7| 62| 28| 1| 37| 31| 1.32) +0. nw. | 28} sw. | 13 10 17) 4.7 0. 
82| 7| 24) 1) 41 44 1.88] +0.8 s. se. | 13] 9 15, 6 48) 
84| 8] 65| 19] 40| 47| 58] 1.67| —0.4 n. | w. 7| 13, 10 6.0 0. 
76| 8| 61} 10, 1| 37| 41| 41 34) 63) 1.19} —0. 042] w. | 39) w. 4) 6 12 126.2 0. 
76| 25| 65| 11} 1| 36| 43 0.10| —2. 691| w. sw. 14) 14) 24.2 0. 
82} 67| 18| 1) 35 42) 34 0.64, —1.3 388} nw. | Mle. | 13] 9 18 34.7 0. 
0. 69 56} 18) 1) 32 0. 62} —0.8 503) sw. sw. 2 14 14) 7.0) 0. 
22) 1| 41 4 63| 3.46] +1.4 857\ se. | 28} nm. | 17| 12| 4 14 0. 
4 2, 18| —0. 
81 43 31] 49} 0.60) —1. 4, 614) s. nw. | 10 1 0.0 
85| 24| 1) 42 49| 1.24) —0.1 4,151] nw. | 30 s. 1212 6 0.0 
93| 46| 47| 38 3.51) +1. 5,462} e. | 29 nw. | 17| 8) 11| 0.0 

91} 74| 29; 1) 4 2.79, +0.8| se. | 26) s. 10 16 7 0.9 

91} 73| 34) 1) 51) 38 1.68) —1. 8,300 s. | 48 sw. | 10 10 12) 8) 0.0 

88| 74 3.14 | 44s. | 29) 9| 12) 9 0.0- 
90} 78| 46, 3) 55| 35 57| 2.30) —1. 6,739} s. | 19| 12} 6) 12) 0.0 
0.0 se 
47| 1,74) —0,1 | | 
96| 6| 59| 41 41| 2.23; -0.5 | 32 s. 10 9 12, 9 0.0 
77| 35| 1| 41) 46) 219 +04) 6, 141| s. nw. | 1617 9 4 0.0 
94| 51) 62} 39| 61 58} 2.01) +0.2 6,448| se. | | 28 10 12 8 0.07 
89| 80| 38) 17| 44 32 0.53| —0.4| 4.9008. | 20 nw. | 10 18] 9 3) 0.0 
0.0 0, 25} —0,1 
90| 82} 48| 18| 36) 48) 27 T.| —0.3 6,291) w. | 36 nw. | 21 8 1 0.0 
75| 66 2 39| 3 24| 41| 0.81| —0. 4,049\e. | 23 sw. | 9| 14 12 4 
74| 17| 32| 45) 37|___- 5, 022| nw. | 26| sw. | 24 11 13, 6 T. 

87| 47| 58| 43| 53) 36] 0.20; —0.2 3,523, | 21) nw. | 13/15 12 3 0.0 

hee 103| 47| 57, 56 0.02} —0.1 3,048] w. | w. 7 2 0.0 
86| 76] 35) 44) 42) 0.22, 40.1) nw. 5} 4)....| 0.0 
80| 65] 1 0.66} +0.2| 4,927] w. w. 4.4 0. x 
23; 0.34, 0.5} 6) 4,378) sw. | 26) w. | 12 13) 5 4.6) 
00 78| 67| 21| iif 0.65| —0.2| 7,445| sw. | 36\s. | 10 12) 8| 5.1) 
36) 15 i 1. 48] —0.6| 12) 4,828|s. 33) w. 8| 15| 7| 5.0) T. 
10.0 83 71; 35) 1 | 0.84) 0. 7| 4,014 se. 28; sw. | 13) 14) 5) 4.7) 0. 
0.0 | | 1.28] +0.1 | 5.8 | 
SH 77| 6| 63| 1! 36 41) 12) 3,855] se. | sw. | 3) 5 13/66 0.0 
Ht 83} 6] 68] 33) 14, 43 45 2.04} +0.9} 2,874 se. | sw. | 26| 12) 11/60 T. | 0.0 
82] 121 701 1| 45} 1.48] 1,7381e. | 20) nw. | 3) 8 11) 11/61) G0 3) 
80| 21| 65} 1) 41 31 0.90] —0.5| 13] 5,210| se. | 30\ sw. | 26 5 20 55.1) 0.00.0 
80] 12] 66] 32) 10| 42 44} 35] 56| 0.881 —0.2! 9| 3,957/s. | | 3) 10 11/57) 00 00 
80} 20] 69 48| 32) 48| 51| 0.68) —0.8| 11/2,940;s. | 21|se. | 12} 9 10) 11/ 5.5) 0.0 0.0 
73| 2.34, -0.3 | = | 
69|°11 46| 2.57| —1.6| 209,705. | 62s. | 3| 14) 7.0 
0.0 || 62) 19 ---|..--} 0.81] —0.7| 11) 8,649] sw. | 28) w. | 27 
69| 22 43| 1.82) -—0.6| 15] 5,140|s. | 35 sw. | 26 16| 6. 
70) 22 2.16) —0.6| 14] 5,219] n. | 31) s. 3 12| 6. 
7| 20 46 7. 13| +1. 8, 591] s. 58} 8. 4 23) 8. 
80 33] 48| 0.08| —0.4| 3,591| nw. | 29| sw. | 3 5. 
|| 78 1.09, —0.2| nw. | 32, se. | 13 7. 
p| 77 4 2.72| —0.2| 18) 3, 308| nw. 8. 3 7. a 
2| 78 70| 2.67) +0.4) 12) 2, nw. sw. 3 6. 
72| 1,28) —0.6 

66 6| 78} 2.54) —0.8 4, 610| sw. n. 29} 6| 6. 

4) 84 45 0. 58) —1.1 4, 034) s. 26) se. 14) 5. 

2} 79 9] 73| 0.94] —0.61 6) 4,605| s. | 23] sw. 2. 

76 49| 75 1.56) 0.0| 8| 5,086) w. | w. 10 
3| 81| 38) 47) 0.76] —0.3| 3) 3,953) nw. | 23| nw. | 29) 8) 15) 
6 0.55} —0.4 4.2 
84| 36) 53| 44 0.45| —0. 5, 417| nw. nw. | 26) 13; 3.1) 0.0) 0.0 
2| 87 72| 50 55| 27 50 0.15) —0. 3, 259) sw. 17) ne. 0} 12; 15, 3 3.9; 0.0 0.0 eo 
5| 79| 68| 2| 57) 54 1.06 +0.3| 4, 242) w. 8. 7; 5. 
5| 90| 83) 68 1.62) -2.7| 15, | 326. | 21 5.3 0.0 
2} 89] 71| 74| 6.78] +3.9) 11) 6,128) nw. n. 1| 16 7.2, 0.0 0.0 x 
6| 85| 74| 12) 77| 11) 76 6.85] +2. 7, 737| n. nw. | 8 12) 38) 7.6) : 
60 27| 33, 29| 31 4, 488) 5| 6| 19| 7.0) 13.8) 0.0 
11| 68, 13| 64) 59 1.36) —0. 7,861). | 27, e. 
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; PaBLe 2.—Data furnished by the Canadian Meteorological Service, April, 1930 
; Pressure Temperature of the air Precipitation 
Altitude 
— Stati Sea level 
mean ion | Sea lev: 
Stations Sea level || reduced | reduced Mean Mean Total 
Jan. 1, tomean | tomean| fom | “mean | from | ™maxi- | mini- | Highest | Lowest |) Total | | 
1919 of 24 of 24 al re mum mum 
hours hours | 20rm min. + 2} normal normal 
Feet Inches Inches Inches °F. oF. “7, °F. Jj £ °F. Inches Inches Inches 
Se Se een ae 48 29. 85 29. 90 +0. 01 37.7 +2.7 46.1 29.3 64 18 2.16 —1. 69 3.0 
88 29. 83 29. 94 —.02 39.5 +17 48.9 30. 2 66 17 2. 97 —1.21 0.2 
: 65 29. 84 29. 91 —.05 39.3 +0. 4 46.0 32. 6 56 18 2. 47 —1.35 0.0 
al P. 38 29. 80 29. 84 —. 06 37.1 +1.9 44.0 30.3 61 17 1.72 —0. 93 6.5 
at 27%) 36.6) 41.1 46.1 27.0 62 14 2.44} 5.8 
os ea OE RS 2 296 29. 62 29. 95 —.04 35.7 +0. 6 43.2 28.2 63 13 2. 69 +0. 60 13.6 ¢ 
‘oucet, Que 1, 236 
Montreal, "187 29.74} 29.95 —.05 40.4) 40.7 49.0 31.7 66 21 2.06 | —0.18 3.3 
236 29. 72 29. 99 —.03 41.2 +1.2 52.3 30. 1 74 19 1.64! +014 0.1 
Aaa ey SS 285 29. 68 30. 00 —. 02 || 38.8 ~1.2 44.3 33. 4 66 20 2. 09 +0. 30 0.2 | 
379 29. 60 30. 02 00 |! 42.9 +2.1 51.0 34.7 71 25 1. 23 —1.14 0.4 
White River, 1, 244 28.68} 30.02) -—.02]) 323) 44.5 20.1 66 1.05 | —0.20 0.7 
NE Ra See ee ee 656 29. 30 30. 03 - 00 39, 2 +0.5 48.0 30. 4 70 20 2. 02 +0. 22 4.9 
oo, Bi SR ee Le 688 29. 31 30. 01 —.01 36. 7 —0.9 44.1 29.2 70 16 2. 09 +0. 18 7.7 
29. 33 30. 04 +. 01 37.3 +3.8 45.8 28.7 70 17 1. 22 —0. 50 0.0 
Qu’ Appelle, Sask 2, 115 27.70 29. 96 —.0 43.4 +6. 0 54.5 32.3 73 16 0. 83 —0. 22 2.5 
ek ys Se 1, 450 28. 40 29. 99 +. 01 40.7 +4.6 52.3 29.1 63 14 0. 65 —0. 18 3.3 
co ae eS 1, 592 28. 19 29. 94 —. 03 44.4 +7.2 57.7 31.1 70 13 0.45 —0. 02 0.2 
‘ 29. 72 29. 97 —. 04 50.5 +3.7 56. 9 44.1 66 38 1.00 —1. 37 0.0 
7 | 29. 13 29. 99 —.10 19.1 +6. 8 28. 5 9.8 —13 0. 98 —0. 9.8 
4 5 Rnb iSres aie 3, 428 |) 26. 36 30. 03 +. 08 28.8 +2.6 40.8 16.8 —20 0. 84 +0. 12 8.4 
if Kamloops, BN iendmniinemndiitihidastailn~ thie 1, 262 28. 73 30. 05 +. 13 39. 1 +3. 49.3 28.9 72 14 0. 37 —0. 20 0.2 
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